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Many  Army  wastewater  treatment  plants  (WWTPs)  use 
conventional  sand-drying  beds  to  dewater  sludge. 
However,  sand-drying  is  slow,  and  requires  a  large  land 
area  commitment  and  manual  sludge  removal.  Outdoor 
sand-drying  beds  are  vulnerable  to  weather  conditions 
and  operational  problems  associated  with  sand-media 
and  underdrain  clogging. 

Successful  new  technologies  for  sludge  treatment  in 
small-scale  WWTPs  include  wedgewater  beds  (WBs), 
vacuum-assisted  beds  (VABs),  and  reed-bed  systems. 
As  operator  of  over  1 00  small  WWTPs,  the  Army  has  an 
interest  in  such  cost-effective  and  technically  efficient 
sludge-dewatering  systems. 

This  study  compiled  operational  data  from  commercial 
WWTPs  with  existing  WBs  and  VABs  to  evaluate  their 
potential  for  Army  use.  Generally,  WBs  were  found  to  be 
easier  to  operate  and  maintain  than  VABs.  WBs  also 
showed  fewer  media-  and  underdrain-clogging  problems 
when  high-pressure  hoses  were  used  to  clean  the  media, 
and  when  tiles  were  kept  free  from  damage.  VABs  were 
preferred  by  smaller  plants  that  required  a  lower  target 
solids  rate.  Most  problems  with  both  systems  were 
associated  with  poor  media  cleaning,  front-end  loader 
damage,  and  engineering  errors. 
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EXECUTIVE  SUMMARY 


Under  the  Facilities  Engineering  Application  (FEAP)  Program,  the  U.S.  Army  Construction 
Engineering  Research  Laboratory  (USACERL)  demonstrated  improved  sludge-dewatering  technologies  at 
Fort  Campbell,  KY,  using  wedgewater-bed  (WB)  and  reed-bed  technologies.  This  report  summarizes  the 
results  of  a  field  survey  that  analyzed  the  performance  of  WBs  and  vacuum-assisted  beds  (VABs),  and 
compares  the  field  performance  of  these  two  technologies.  (A  report  on  the  reed-bed  technology  will  oc 
published  separately.)  Operational  data  was  compiled  from  commercial  WWTPs  with  existing  WBs  and 
VABs  to  evaluate  their  potential  for  Army  use.  A  telephone  survey  carried  out  for  both  WBs  and  VABs 
helped  identify  users  of  the  two  technologies  as  either  "satisfied"  or  "dissatisfied"  with  their  chosen 
systems.  Survey  results  showed  that  the  wedgewatcr  system  can  provide  essentially  the  same  service  as 
the  vacuum-assisted  beds,  but  with  fewer  operational  and  maintenance  problems. 

Generally,  wedgewater  bed  system  operators  were  satisfied  with  the  system’s  sludge-dewatering 
capacities.  WBs  were  generally  easier  to  operate  and  maintain,  and  provided  a  quicker  turnover  rate  than 
sand  beds.  WBs  showed  fewer  problems  with  media  and  underdrain  clogging  when  high-pressure  hoses 
were  used  to  clean  the  tiles,  and  when  tiles  were  kept  free  from  damage. 

WB  solid  capture  was  less  than  VAB,  but  additional  solid  loading  of  WB  filtrate  to  the  head  of  a 
plant  did  not  adversely  affect  plant  performance.  The  wedgewater  system  provides  this  degree  of 
dewatering  with  about  one  drying  cycle  per  bed  per  week.  Most  system  problems  were  associated  with 
inadequate  media  cleaning,  front-end  loader  damage  to  the  filter  media,  or  engineering  errors.  It  appears 
that,  with  proper  design,  installation,  care,  and  maintenance  during  operation,  the  beds  will  have  a  long 
life.  Although  most  WBs  were  open-air  operations,  use  of  a  translucent  roof  or  canopy  was  recommended 
for  areas  receiving  large  quantities  of  precipitation,  or  where  freezing  occurs. 

VAB  system  advantages  include  a  faster  turnover  rate  than  sand  or  wedgewater  beds,  the  ability  to 
operate  year-round  due  to  the  system’s  building  enclosure,  and  less  space  requirement.  In  total,  VABs 
dewater  more  efficiently  than  sand  beds,  but  do  not  perform  as  well  as  wedgewater  beds  do  when  only 
air  drying  is  used.  VABs  arc  still  more  effective  than  WBs  in  achieving  a  target  solid  range  of  11  to  13 
percent,  because  only  vacuum  can  reach  these  high  concentrations.  A  common  complaint  against  old 
VABs  was  that  the  sludge  was  not  "bladeable"  in  the  predicted  time,  and  therefore  required  long  drying. 
This  problem  resulted  from  inadequate  drainage  caused  by  media  binding. 

For  these  reasoas,  a  decision  was  made  to  build  a  wedgewater  bed  rather  than  a  vacuum-assisted 
bed  at  Fort  Campbell  to  demonstrate  the  dewatering  technology  that  requires  less  space  and  dewatering 
time.  However,  even  considering  the  results  of  this  study,  any  Army  installation  considering  a  dewatering 
method  for  new  or  retrofit  application  should  first  do  a  detailed  economic  analysis. 
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FOREWORD 


This  research  was  conducted  for  the  U.S.  Army  Engineering  and  Housing  Support  Center 
(USAEHSC),  Fort  Bclvoir,  VA,  under  Facilities  Engineering  Applications  Program  (FEAP)  Project  FT9, 
"Improvement  of  Sludge  Dewatering  Capability  at  Army  Wastewater  Treatment  Plants."  The  technical 
monitor  was  Mr.  Malcom  McLeod,  CEHSC-FU. 

This  study  was  performed  by  the  Environmental  Division  (EN)  of  the  U.S.  Army  Construction 
Engineering  Research  Laboratory  (USACERL).  The  USACERL  principal  investigator  was  Dr.  Byung 
Kim.  Dr.  Raul  Cardenas  is  associated  with  Carpenter  Environmental  Associates,  Inc.,  Ramsey,  NJ.  Dr. 
Edward  Novak  is  Acting  Chief,  USACERL-EN.  The  USACERL  technical  editor  was  Mr.  William  J. 
Wolfe,  Information  Management  Office. 

LTC  E.J.  Grabert,  Jr.  is  Acting  Commander  of  USACERL,  and  Dr.  L.R.  Shaffer  is  Director. 


Accesion  For  ^ 

MIS  CRA&I 
C  1  iC  I  A3 

U  J  1.  OiTiCed 

J.,  jti(  cot  ion 

:J 

J 

By 

i 

.  •  --■« 

D,.  t  lb. 

iflO.i/ 

j  AviMviO' 

y 

Dist 

cl  '  ? 

jCk'\ 

A'l 

1 

j _ 

3 


CONTENTS 


Page 


SF  298  1 

EXECUTIVE  SUMMARY  2 

FOREWORD  3 

LIST  OF  FIGURES  AND  TABLES  5 


I  INTRODUCTION .  .  7 

Background  7 

Objectives  7 

Approach  8 

Scope  8 

Mode  of  Technology  Transfer  8 


2  THE  PROCESSES  . 9 

Wedgewater  Bed  9 

Vacuum-Assisted  Bed  10 


3  RESULTS  OF  SURVEY .  13 

Wedgewater  Bed  13 

Vacuum-Assisted  Drying  Beds  29 

Field  Visits  40 


4  CONCLUSIONS .  47 

Wedgewater  Bed  47 

Vacuum-Assisted  Bed  47 


METRIC  CONVERSION  TABLE  48 

APPENDIX:  Sample  Questionnaire  49 

DISTRIBUTION 


4 


FIGURES 


Number  Page 

1  Polyurethane  Wedgewater  Bed  Media  Unit  9 

2  Wedgewater  Bed  Schematic  10 

3  Schematic  View  of  Vacuum-Assisted  Eiewatering  Bed  Media  1 1 

4  Cross-Section  of  Vacuum-Assisted  Dewatering  Bed  Media  12 

TABLES 

1  Wedgewater  Bed  Contact  Information  14 

2  Wedgewater  Bed  Plant  Characteristics  15 

3  Wedgewater  Bed  Sludge  Characteristics  17 

4  Wedgewater  Bed  System  Data  18 

5  Wedgewater  Bed  Performance  Data  20 

6  Wedgewater  Bed  Polymer  Data  21 

7  Wedgewater  Bed  Cleaning  Data  22 

8  Wedgewater  Bed  Sludge  Removal  Method  24 

9  Wedgewater  Bed  Unit  Construction  Costs  and  Warranty  25 

10  Wedgewater  Bed  Problems  and  Remedies  26 

1 1  Wedgewater  Bed  Advantages  28 

12  Vacuum-Assisted  Bed  Contact  Information  30 

13  Vacuum-Assisted  Bed  Plant  Characteristics  31 

14  Vacuum-Assisted  Bed  Sludge  Characteristics  32 

15  Dewatering  System  Data  34 

16  Vacuum- Assisted  Bed  Dewatering  Performance  Data  35 

17  Vacuum- Assisted  Bed  Polymer  Data  37 


5 


TABLES  (Cont’d) 


Number  Page 

18  Vacuum-Assisted  Bed  Cleaning  Data  38 

19  Vacuum-Assisted  Bed  Sludge  Removal  Method  39 

20  Vacuum- Assisted  Bed  Unit  Construction  Costs  and  Warranty  41 

21  Vacuum- Assisted  Bed  Problems  and  Remedies  42 

22  Vacuum-Assisted  Bed  Advantages  44 


6 


PERFORMANCE  EVALUATTION  OF  EXISTING  WEDGEWATER 
AND  VACUUM-ASSISTED  BED  DEWATERING  SYSTEMS 


1  INTRODUCTION 


Background 

Because  of  their  simplicity,  low  cost,  and  applicability  to  small-scale  sludge  treatment,  many  Army 
wastewater  treatment  plants  (WWTPs)  employ  conventional  sand-drying  beds  to  dewater  sludge.  The 
benefits  of  sand-drying  beds,  however,  must  be  weighed  against  the  relatively  long  time  to  satisfactorily 
dry  sludges;  the  continuous  requirement  for  manual  sludge  removal;  and  the  need  for  a  large,  dedicated 
land  area.  Moreover,  outdoor  sand-drying  beds  are  vulnerable  to  adverse  weather  eondilions  and 
operational  problems  associated  with  sand-media  and  underdrain  clogging. 

Over  the  years,  there  have  been  improvements  in  sludge  processing  in  both  equipment  and  the  use 
of  polymers.  Successful  technologies  used  in  the  treatment  of  sludge  at  small-scale  wastewater  treatment 
plants  include  the  wedgewater  bed  (WB),  vacuum-assisted  bed  (VAB),  and  reed-bed  systems. 

Although  many  small  municipal  and  industrial  WWTPs  operate  WB  and  VAB  systems,  no 
systematic  performance  evaluation  or  comparison  of  the  two  systems  has  been  made.  Most  small  WWTPs 
build  such  systems  based  on  vendor’s  promotional  information  or  on  the  recommendations  of  a  local 
architect/engineer  (A/E)  without  further  research  because  small,  individual  WWTPs  cannot  afford  to 
compile  such  infonnation  and  large  plants  are  not  interested  in  them.  As  the  operator  of  over  100  small- 
scale  WWTPs,  the  Army  has  an  interest  in  such  cost-effective  and  technically  efficient  sludge  dewatering 
technologies. 

This  study  compiled  operational  data  from  existing  WBs  and  VABs  at  commercial  WWTPs,  and 
compared  the  advantages  and  disadvantages  of  both  systems  to  determine  which  of  the  two  sludge- 
dewatering  systems  showed  better  potential  for  use  at  Army  installations.  The  results  of  this  study  were 
used  to  select  a  wedgewater  bed  for  installation,  along  with  a  reed  bed,  at  Fort  Campbell,  KY,  as  a 
Facilities  Engineering  Application  Program  (FEAP)  demonstration  of  WWTP  sludge-dewatering 
technologies  appropriate  for  Army  use. 


Objectives 

The  overall  objectives  of  tliis  study  were  to:  (1)  compile  and  evaluate  operational  data  available 
on  wcdgcwaler-bcd  and  vacuum-assisted  bed  dewatering  systems,  and  (2)  analyze  the  potential  for  Army 
use  of  these  systems. 


7 


Approach 


User  lists  were  obtained  from  manufacturers’  customer  lists,  and  a  questionnaire  was  designed  to 
help  conduct  a  telephone  survey  of  plant  supervisors  of  27  wcdgewatcr-bcd  and  28  vacuum-assisted-bed 
systems,  to  gather  both  objective,  operational  data  and  subjective  evaluations  of  both  systems.  A  copy 
of  the  questionnaire  is  included  in  the  Appendix  to  this  report. 

The  questionnaire  was  divided  into  1 1  areas  of  inquiry: 

1.  Identification  and  description  of  the  plant 

2.  Plant  charactcri.stics 

?i.  Sludge  characteristics 

4.  Dewatering  system 

5.  Dewatering  performance 

6.  Polymer  data 

7.  Cleaning 

8.  Sludge  removal 

9.  Unit  construction  costs 

10.  Problems 

1 1.  Remedies  and  advantages  of  the  system. 

To  supplement  the  telephone  survey,  several  (5  wcdgewatcr-bcd  and  5  vacuum-assisted-bed)  sites 
were  visited  to  survey  users  of  the  two  technologies.  (Because  of  limited  funding,  only  two  plants  with 
"satisfied"  operation  were  visited.  These  plants  were  chosen  for  their  proximity  to  Carpenter  Associates.) 
During  site  visits,  plant  .supervisors  were  further  interviewed  using  the  areas  of  inquiry  outlined  in  the 
questionnaire.  Information  gathered  from  the  telephone  and  site  interviews  was  used  as  a  basis  for 
classifying  users  as  cither  "satisfied"  or  "dissatisfied"  with  their  pre.scnt  systems,  and  for  selecting  which 
of  the  two  technologies  to  u.sc  in  a  .subsequent  FEAP  demonstration. 


Scope 


Note  that  measures  of  satisfaction  were  based  solely  on  plant  managers’  opinions.  Performance 
evaluation  results  in  this  report  were  similarly  based  solely  on  operators’  opinion,  on  the  operation  of  a 
limited  number  of  WWTPs.  Since  WWTP  and  sludge  characteristics  differ,  the  Army  WWTP  manager 
shall  consider  .site-specific  conditions  before  applying  titc  study  results  in  this  report  to  select  or  upgraoe 
a  dewatering  system.  It  was  beyond  the  scope  of  this  report  to  evaluate  specific  commercial  products; 
investigators  were  interested  in  general  operation  data  only. 

This  report  focu.scs  on  wcdgcwatcr-bed  and  vacuum-a.s.sistcd  bed  systems.  It  is  anticipated  that  a 
report  summarizing  reed  bed  performance  will  be  publi.shcd  separately. 


Mode  of  Technology  Transfer 

A  Facilities  Engineering  Applications  Project  (FEAP)  report,  and  a  technical  note  on  reed  and  W3 
systeiTi^  will  be  prepared  alter  2  years  of  reed  bed  operation  at  Fort  Campbell.  KY. 
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2  THE  PROCESSES 


Both  WB  and  the  VAB  systems  are  generally  used  by  small  WWTPs  to  dewater  polymer- 
conditioned  sludges  prior  to  final  disposal. 

Wedgewater  Bed 

Wedgewater,  or  wedgewire  beds,  as  they  are  sometimes  called,  are  proprietary  devices  that  use 
either  an  interlocking  polyurethane  panel  media  or  stainless-steel  septum  (separating)  media  as  a  filtering 
surface,  which  is  perched  on  a  concrete  basin.  The  processed  sludge  with  added  polymer  is  placed  on  the 
surface  for  drainage  and  dewatering.  The  polyurethane  media  essentially  comprises  a  box  with  a  false 
bottom;  the  space  below  the  media  allows  underdrains  to  collect  and  remove  tlie  water  that  percolates 
through  the  sludge  and  the  media.  The  stainless  steel  type  of  media  requires  additional  support  because 
the  media  is  too  thin  to  allow  free  flow  of  drained  water  beneath  the  media.'  Figure  1  shows  a 
polyurethane  media.  Figure  2  shows  a  cross  section  of  the  wedgewater  bed  using  a  stainless  step’  aeptum 
media  consisting  of  many  triangular-shaped  wires. 


Figure  1.  Polyurethane  Wedgewater  Bed  Media  Unit. 


Design  Manual.  Dewalering  Municipal  Wastewater  Sludges,  EPA  625/1 -87A)  14  (U.S.  Environmental  Protection  Agency 
[USEPAI,  1987);  Process  Design  .Manual  for  Dewatering  Munitspal  Sludges.  EPA  615/1-82/014  (USEPA,  1982). 
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Controlled  Differential  Head  in  Vent 
by  Restricting  Rate  of  Drainage. 


Vent 


Partition  to  Form  Vent 


Wedgewire  Septum 


Outlet  Valve  to  Control 
Rate  of  Drainage. 


source: 

USEPA,  1907 

Figure  2.  Wedgewater  Bed  Schematic. 


Vacuum-Assisted  Bed 

VABs  are  also  propriccary  sludge  dewatering  units  that  employ  an  epoxied,  porous,  rigid-media  filter 
plate,  comprised  of  a  carborundum  surface  and  gravel  support  material.  The  media  is  placed  above  a 
level,  supporting  concrete  slab  or  graded  sU  ne,  overlying  a  sloped  concrete  slab  as  drainage  structure. 
Polymer-conditioned  sludge  is  placed  on  the  surface  and  a  vacuum  is  applied  to  the  sludge  and  media  to 
assist  in  drawing  water  through  the  plate.  Figure  3  shows  a  schematic  view  of  a  vacuum-assisted  drying 
bed.  Figure  4  shows  a  cross-section  of  the  VAB  medi^ 
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A.  Entrance  Ramp 

B.  Off-Bed  Level  Area 

C.  Area  Drain 
0.  Curbing 

E.  Sludge  Distribution  Piping 

F.  Bed  Closure  System 

G.  Media  Plates 

H.  Comer  Drain 

I.  Bed  Containment  WaH 

J.  Truck  Loading  Area 

K.  Area  Drain 

source: 

USEPA,  1907 


L.  Wash  Water  Supply 

M.  Sludge  Feed  Inventory  Tank 
(below  grade,  seldom 
required) 

N.  Control  Building  with 
—  Sludge  Feed  Pumps 
—  Polymer  System 
—Vacuum  Pumps 

—  Control  Panel 
—  Filtrate  Receiver /Pumps 
(below  grade) 


Figure  3.  Schematic  View  of  Vacuum-Assisted  Dewatering  Bed  Media. 


II 


Surface  Material 
Diameters: 

1  mm  to  3  mm 
Thickness: 

1/4  in  to  1/2  in 


Gravel  Support 

Material 

Diameters: 

1  /8  in  to  1  in 
Thickness: 

1-3/ 4  in  to  3  in 


SOURCE 

USEPA,I987 


Figure  4.  Cross-Section  of  Vacuum-Assisted  Dewatering  Bed  Media. 
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RESULTS  OF  SURVEY 


After  categorizing  the  users  of  the  two  dewatering  systems  as  "satisfied"  or  "dissatisfied,"  each 
group  was  queried  in  the  12  outlined  areas.  This  chapter  summarizes  their  responses. 


Wedgewater  Bed 

Identification  of  Plants 

All  the  users  of  the  wedgewater  process  in  this  report  arc  small  municipalities  except  for  one  food- 
processing  industry.  The  majority  of  users  arc  located  in  the  eastern  United  States.  Table  1  lists  the 
names  of  the  plants,  locations,  points  of  contact,  and  telephone  numbers  of  wedgewater  system  users. 

A  total  of  27  users  were  surveyed,  further  classified  into  20  satisfied  and  7  dissatisfied  users.  (This 
report  docs  not  identify  satisfied  or  dissatisfied  by  name.) 

Plant  Characteristics 

Table  2  summarizes  plant  characteristics  for  satisfied  and  dissatisfied  users.  Plant  characteristics 
examined  include;  plant  capacity,  treatment  process  used,  sludge  digestion  process  employed,  and  final 
disposal  method. 

Average  plant  capacity  for  all  plants  was  found  to  be  2.22  mgd  (million  gallons  per  day).’ 
However,  many  surveyed  plants  operate  well  below  capacity.  The  capacity  of  flow  for  all  of  the  plants 
ranged  from  0.07  to  8.8  mgd.  Nine  plants  had  less  than  1  mgd  capacity.  For  satisfied  users,  the  range 
of  (low  was  from  0.09  to  7.5  mgd.  For  dissatisfied  users,  the  range  of  flow  was  from  0.07  to  8.8  mgd. 
For  satisfied  users,  average  flow  was  1.7  mgd.  For  di.ssatisficd  users,  average  flow  was  3.5  mgd,  about 
twice  the  flow  of  satisfied  users. 

In  all,  23  users  employed  the  activated  sludge  process,  three  employed  fixed  films  (two  trickling 
fillers  and  one  rotating  biological  contactors),  and  one  used  a  dissolved-air  flotation  (DAF)  cell  in  a 
secondary  treatment  process.  Of  the  satisfied  users,  18  employed  the  activated  sludge  process,  one  used 
the  D.-XF  cell  and  one  used  fixed  film.  Of  the  dissatisfied  users,  five  employed  activated  sludge  and  two 
used  trickling  filters. 

The  majority  of  the  users  of  wedgewater  .sludge  treatment  units  processed  sludge  using  aerobic 
mctliods.  Fifteen  plants  employed  aerobic  sludge  digestion,  five  used  anaerobic  digestion,  and  seven  did 
not  process  their  sludge  prior  to  dewatering  by  the  wedgewater  method.  Of  the  20  satisfied  users,  1 1 
preferred  aerobic  digestion,  two  employed  anaerobic  digestion,  and  seven  did  not  further  process  their 
sludge.  Of  the  seven  dissatisfied  u.scrs,  four  u.sed  aerobic  digestion  and  three  employed  anaerobic 
digestion. 


A  mclric  conversion  liiblc  is  included  on  p.  48. 
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Tabic  I 


Wcdgcwatcr  Bed  Contact  Information 


Identification  of  Plant 

Location 

Point  of  Contract 

Telephone  No. 

Auburn  Wastewater  Treatment  Plant 

Auburn,  IN 

Bruce  Schlosser 

219-952-1714 

Baldwin  Regional  Treatment  Plant 

Baldwin.  FL 

Jack  LaLonde 

904-266-9055 

Buena  Ventura  Lakes  WWTP 

Kissimmee,  FL 

Mike  John.son 

407-34.S-4855 

Camel  WWTP 

Indianapolis,  IN 

Owen  Lee 

317-844-2394 

Central  Boaz  Pub.  Serv.  Dist. 

Parkersburg.  WV 

Dave  Radabaugh 

304-375-4803 

Chesterton 

Chesterton,  IN 

Ms.  McDonald 

219-926-1032 

City  of  Atlantic  Beach  STP 

Atlantic  Beach,  FL 

Tim  Townsend 

904-249-7337 

City  of  Kingston  WWTP 

Kingston,  TN 

John  Moates 

615-376-2901 

City  of  Montezuma  WWTP  No.  2 

Montezuma,  GA 

Butch  Cofer 

912-472-8101 

City  of  Paden  City  WWTP 

Paden  City,  WV 

Larry  Titus 

304-337-8521 

City  of  Tarpon  Springs  WWTP 

Tarpon  Springs,  FL 

Dave  Gillco 

813-938-3711 

Cullman  WWTP 

Cullman,  AL 

Jerry  Paul 

205-739-2410 

Fast  Food  Merchandisers 

Monterey,  TN 

Gary  Griffin 

615-839-2273 

Friendly  Public  Service  District 

Friendly,  WV 

Dave  Gorrell 

304-652-1401 

Gulf  Shores  WWTP 

Gulf  Shores,  AL 

Allan  Sizemore 

205-968-7736 

Harry  Still.  Sr.  WWTP 

Bay  Minctte,  AL 

Dennis  Lambcrth 

205-937-2820 

Hohenwald  WWTP 

Hohenwald.  TN 

Paul  Webb 

615-796-38.50 

Hallstcad-Grcat  Bend  JSA 

Great  Bend.  PA 

Bill  Burchell 

717-879-2994 

Island  Bay  Utilities 

Orange  Beach.  AL 

Terry  Cawthron 

205-918-6096 

Kanawha  Falls  PSD 

Gaily  Bridge,  WV 

Mike  Cenati 

304-779-2855 

Matewan  WWTP 

Matewan,  WV 

Mike  Preston 

304-426-8553 

Mismisburg  WWTP 

Miamisburg,  OH 

Ron  Bunger 

513-866-3303 

North  Kuhlcr  Road  WWTP 

New  Braunfels,  TX 

John  Toclicr 

512-625-0258 

Petersburg  WWTP 

Petersburg.  WV 

Lloyd  Britewell 

304-257-1127 

Saint  City  WWTP 

Chalmette,  LA 

Steve  Lombardo 

504-271-1681 

Siler  City  WWTP 

Siler  City,  NC 

Fergus  Brown 

919-742-4581 

Wichita  Falls  WWTP 

Wichita  Falls.  TX 

Clay  Ham 

817-766-2841 
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Table  2 


Wcdgewater  Bed  Plant  Characteristics 


Plant  Sludge  Final 

Plant  Capacity  Treatment  Digestion  Disposal 

ID  (gal/day)  Process  Process  Method 


Satisfied 


1 

3,300,000 

Activated  sludge 

Anaerobic 

Land  application  and  storage 

2 

400,000 

Activated  sludge 

Aerobic 

Landfill 

3 

1,300,000 

Activated  sludge 

Aerobic 

Land  application 

4 

90.000 

Activated  sludge 

None 

Landfill 

5 

2,000,000 

Activated  sludge 

Aerobic 

Landfill 

6 

1,000,000 

Activated  sludge 

Aerobic 

Landfill 

7 

2,000,000 

Activated  sludge 

None 

Land  application 

8 

1,600,000 

Activated  sludge 

None 

Landfill 

9 

4,000,000 

Activated  sludge 

None 

Land  application 

10 

350,000 

DAF  cell 

Aerobic 

Landfill 

11 

100,000 

Activated  sludge 

None 

Land  application 

12 

3,000,000 

Activated  sludge 

Aerobic 

Landfill 

13 

2,000,000 

Activated  sludge 

None 

Landfill  and  land  application 

14 

1,100,000 

Activated  sludge 

Aerobic 

Landfill  (using  as  cover) 

15 

375,000 

Activated  sludge 

Aerobic 

Landfill 

16 

1,600,000 

Activated  sludge 

None 

Landfill 

17 

125,000 

Activated  sludge 

Aerobic 

Landfill 

18 

350,000 

RBC  units 

Aerobic 

Landfill 

19 

7,500,000 

Activated  sludge 

Anaerobic 

Land  application 

20 

3,100,000 

Activated  sludge 

Aerobic 

Landfill 

Dissatisfied 

1 

8,800,000 

Activated  sludge 

Anaerobic 

Land  application  and  storage 

2 

2,700,000 

Activated  sludge 

Anaerobic 

Land  application  and  storage 

3 

4,750,000 

Trickling  filter 

Anaerobic 

Land  application 

4 

600,000 

Activated  sludge 

Aerobic 

Landfill,  land  application 

5 

5.870,000 

Trickling  filler 

Aerobic 

Landfill 

6 

1,800,000 

Activated  sludge 

Aerobic 

Landfill 

7 

70,000 

Activated  sludge 

Aerobic 

Landfill  and  composting 
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The  most  common  final  disposal  method  was  by  landfill.  Fifteen  of  the  surveyed  plants  used 
Ituidfilling  as  the  sole  method  of  final  disposal,  six  u.sed  land  application  or  land  spreading,  and  six 
combined  land  application  with  landfilling,  storage,  or  even  composting.  Thirteen  satisfied  users  employed 
landfilling  and  only  five  used  land  application  for  final  disposal,  while  two  plants  used  a  combination  of 
landfilling,  land  application,  ;ind  temporary  storage. 

Two  dissatisfied  users  used  landfilling;  one  used  land  application;  ihkI  four  employed  va  A'ing 
combinations  of  land  application,  storage,  landfilling,  and  composting. 

Sludfic  Characteristics 

Table  3  lists  lire  sludge  characteristics  found  during  the  survev.  'fhe  average  percent  ^nlics 
processed  for  all  respondents  to  tlie  question  was  found  to  be  3.4  percent,  in  a  range  of  1.5  to  7.0  percent. 
Responding  satisfied  users  averaged  3.4  percent  solids  in  a  range  of  1.5  percent  to  7.0  pcrccn:  and 
dissatisfied  users  averaged  3.5  percent,  ranging  from  2.0  percent  to  6.0  percent. 

Operators  were  not  always  able  to  determine  the  .sludge  generation  quantities.  In  all,  ],s  j.sers 
responded  and  nine  did  not.  As  Table  3  indicates,  users  provided  generation  quantity  in  various  unit.v.  The 
majority  responded  in  units  of  weight  (dry  or  wet  ton  or  pound)  per  year,  per  week,  or  possibly  per  m onif 
Some  results  were  quoted  by  volume  (cubic  feet  or  gallons).  To  create  a  meaningful  companson, 
generation  quantities  were  converted  to  dry  ton/year/plant  capacity  (mgd).  Four  plants  reported  generation 
volume  without  percent  solids  and,  therefore,  dry  ton/ycar/mgd  figures  could  not  be  derived.  The  range 
of  14  plants  was  26  dry  tons/yr/mgd  and  the  average  weight  was  about  100  dr\’  ton/yr/mgd,  ,A  typical  1 
mgd  activated  sludge  plant  with  an  anaerobic  digester  produces  360  dry  ton/yr,‘  The  discrepancy  between 
tliesc  figures  was  attributed  to  the  fact  that  actual  fiow  at  lhc.se  plants  u'as  much  less  than  their  design 
capacity,  and  influent  biological  oxygen  demand  (BOD)  and  suspended  solids  (.S.S)  were  less  than  typical 
250  mg/l,  from  which  the  360  dry  ton/yr/mgd  figure  was  derived. 

ncwaicrin^  System  Data 

Characteristics  associated  with  dewatering  arc  summari/.cd  in  Table  4, 

Most  of  the  plants  had  only  a  few  wedgewater  beds  in  use.  For  example,  19  plants  had  fewer  tha.n 
five  beds,  and  eight  plants  had  five  or  more  beds.  Mo.st  beds  ranged  from  60(i  to  1200  sq  ft.  1'he  largesi 
was  5(K)0  and  the  smallest  was  I6S  ,sq  ft. 

Most  wedgewater  dewnitcring  systems  at  surveyed  plants  arc  no  more  than  5  years  oid,  and  mos; 
of  the  operations  are  carried  out  outdoors,  some  with  a  roof  Only  six  plants  had  beds  located  inside 
buildings. 


Design  loading  rates  per  o^xmational  cycle  were  hard  to  obtain.  .Actual  solid  loading  ranged  from 
1,5  to  3  lb  of  dry  solids  per  sq  ft  of  bed.  Hydraulic  loading  was  5(X)  gal  average  design  (low  per  sq  It  of 
the  bed.  Using  the  criteria.  1  mgd  plant  would  need  dtXX)  sq  ft  of  wedgewater  bed. 


Vosiliml.  Aamc.  A  Iriatmrnl  ,irul  r  i.Ann  ArWa  SiK-iuo 


's.  .Ann  ArNir,  Ml,  iveui. 
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Table  3 


Wedgewater  Bed  Sludge  Characteristics 


Plant 

in 

Average 
%  SoUds 

Target 

Solids 

Generation 

Volumes 

Special 

Characteristics 

Satisfied 

1 

7.0 

20% 

412  t/yr 

Typical 

2 

1.5 

-180  Ib/day 

Typical 

3 

2.0 

20% 

1.5-2  t/day 

High  phosphorus,  copper 

4 

5.5 

Unknown 

Typical 

5 

3.3 

15-18% 

236,000  gal/mo 

Typical 

6 

Unknown 

Typical 

7 

Unknown 

90%  vol  vegetative  matter  (frozen  foods) 

8 

5  tywk 

Typical 

9 

6.0 

14-30% 

8-10  t/day  (est) 

Typical 

10 

Unknown 

High  nitrogen  (plant  drain  water) 

11 

50-60  Ib/day 

Typical 

12 

1.5 

9%(8-12%) 

23,811  lb  wasted 

High  manganese 

in  Sept  1989 

(potassium  formanganate 

previously  used  for  color  control) 

13 

3.0 

14% 

3  t/wk 

Creosote  byprod/wax 

14 

2.0 

17-18% 

0.8  t/mo 

Typical 

15 

20% 

Unknown 

Typical 

16 

2.5 

8-9  t/wk 

Typical 

17 

Unknown 

Typical 

18 

5.5 

1000  cu  fi/wk 

Typical 

19 

2.5 

18-35% 

Unknown 

Typical 

20 

1.8 

16% 

15  t/wk 

Typical 

Dissatisfied 

1 

3.7 

Unknown 

Typical 

2 

4.5 

14-15% 

-1020  Ib/day 

Typical 

3 

6.0 

122  t/yr 

Typical 

4 

2.5 

20% 

20,000  Ib/mo 

100  lb  organic  nilrogen/t  of  sludge 

5 

4.0 

12% 

10  t/wk 

Typical 

6 

2.0 

20  cu  yd/mo 

Typical 

7 

2.0 

10-15% 

Unknown 

Typical 
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Table  4 


Wedgewater  Bed  System  Data 


Plant 

ID 

Number 
of  Beds 

Size  of 
Beds(l) 

Construction 

Year 

Predicted 

Life  Cycle 

Type  of 

Exposure 

Design 

Loading 

Satisfied 

1 

2 

20x40  ft 

1982 

Translucent  fiberglass 

4  Ib/sq  ft 

building 

2 

1 

-1000  sq  ft 

1988 

Open  air 

2  Ib/sq  ft 

3 

4 

400  sq  ft 

1985&88 

20-t-  yr 

Open  air 

1.5-2  Ib/sq  ft 

4 

2 

482  sq  ft 

1988 

10  yr 

Open  air  w/roof 

5 

4 

28x28  ft 

1983&87 

Open  air 

1  Ib/sq  ft 

6 

2 

20x40  ft 

1988 

Open  air 

7 

2 

1800  sq  ft 

1985 

Open  air  w/roof 

2  Ib/sq  ft 

8 

4 

25x30  ft 

1987 

Open  air  w'/roof 

9 

5 

60-80x24  ft 

1986 

Open  air 

10 

2 

30x15  ft 

1987 

Open  air 

11 

2 

14x12  ft 

1984 

Building 

12 

4 

50x25  ft 

12/87 

Open  air 

2.25  Ib/sq  ft 

13 

3 

25x50  ft 

1984 

10  yr 

Open  air 

14 

2 

25x40  ft 

1987 

Open  air 

2  Ib/sq  ft 

13 

2 

15x15  ft 

1987 

Building 

16 

3 

(1)  30x40  ft 

1984 

20  yr 

Open  air 

(2)  30x50  ft 

1988 

17 

6 

25x18  ft 

1981 

Ventilated  fiberglass 

8-10in.;8-12%  sq 

building 

18 

2 

12x50  ft 

1984 

Open  air 

1100  cu  ft 

19 

5 

1288  sq  ft 

1988 

15-20  yr 

Open  air  w/roof 

12,400  gaJ/bed 

20 

5 

2560  sq  ft 

1985 

Open  air 

3  Ib/sq  ft 

Dissatisfied 

1 

20 

No  response 

Open  air  bldg. 

35,000  gal/bcd 

2 

4 

25x40  ft 

1989 

Building 

4  Ib/sq  ft/day 

2 

30x60  ft 

1984 

Open  air 

4 

4 

2080  sq  ft 

1987 

Partially  open  bldg. 

1.5  Ib/sq  ft 

5 

8 

1000  sq  ft 

1988 

Open  air 

2  Ib/sq  ft 

6 

2 

50x100  ft 

Op>en  air 

7 

6 

32x51  ft 

1988 

Open  air 

25,000  gal/bed 
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Dewatering  Performance  Data 

Dewatering  bed  performance  for  wedgewater  units  is  shown  in  Table  5.  Initial  sludge  depths  reported 
were  mostly  in  the  range  of  10  to  18  in.,  but  some  initial  depths  were  less,  and  at  least  one  or  two  plants 
reported  initial  sludge  depths  of  24  to  36  in.  Final  sludge  depths  were  generally  reported  to  be  in  the 
range  of  4  to  6  in.,  although  some  depths  were  reported  to  be  18  to  24  in. 

The  dewatering  cycle  consists  of  drainage  and  air  drying.  There  is  no  universally  reccignized 
definition  of  drainage  time.  Drainage  time  may  be  defined  as  the  duration  from  tlie  completion  of  sludge 
pouring  into  the  bed,  to  the  completion  of  filtrate  generation.  Drainage  times  varied  widely,  from  an 
estimated  30  min  to  48  hours.  In  general,  draining  was  complete  in  under  10  hours.  Air-drying  time  was 
usually  reported  to  occur  in  a  few  days,  although  one  plant  reported  an  air-drying  time  of  6  months.  Plants 
with  infrequent  loadings  had  the  luxury  to  let  the  sludge  sit  on  the  beds  until  the  next  loading.  Air-drying 
time  may  also  be  defined  as  the  duration  from  the  end  of  drainage  to  the  time  when  solid  content  reaches 
about  20  percent.  Most  plants  reported  0.5  to  2  dewatering  cycles  per  week,  with  an  average  of  about  one 
drying  cycle  per  week.  Actual  drying  cycles  depend  on  botli  the  sludge  dryness  required  by  the  landfill 
and  the  plant’s  sludge  loading  rate. 

Polymer  Data 

Table  6  shows  that  a  variety  of  polymers  arc  used  to  condition  sludges  before  applying  to  the 
wedgewater  system.  Polymer  varieties  and  dosages  arc  plant-specific  and  must  be  adjusted  to  fit  the 
particular  sludge  charactenstics  of  a  plant. 

Polymer  dosage  was  reported  in  a  variety  of  units,  and  operators  often  reported  polymer  dosage  in 
terms  of  volume  of  polymer  fcr  bed.  For  example,  from  2  to  5  gal  per  bed  were  typical  polymer  dosages. 
Since  bed  si/.c  and  sludge  depth  differ,  the  unit  used  to  measure  polymer  dosage  was  gallons  of  polymer 
per  dry  ton  of  sludge.  The  polymer  dosage  varied  from  1.2  to  10  gal  per  diy  ton  sludge,  and  average  was 
5  gal  per  ton.  Typical  polymer  used  in  the  estimation  was  an  emulsion  type  with  40  to  60  percent  active 
ingredient.  By  comparison  with  the  polymer  dosage  suggested  by  the  U.S.  Environmental  Protection 
Agency  (IJSEPA).  the  dosages  in  this  surv'cy  were  about  twice  of  the  typical  dosage. 

Table  6  al.so  shows  polymer  costs,  which  appear  to  range  from  $1.50  to  $2.(X)  per  lb.  Average 
polymer  costs  were  $800  per  55-gal  drum. 

It  should  be  noted  that  11  plants,  or  41  percent  of  those  sur\'cycd,  used  no  tuialytical  methods  to 
measure  polymer  dosages,  but  visually  ob.servcd  the  polymer  dosages  and  adjusted  dosage  amounts  for 
elfccliveness. 

Cleaning  Data 

T  able  7  shows  that  wedgewater  tx-ds  are  most  often  cleaned  with  water  using  high  pressure  ho.ses  after 
each  cycle.  Duration  of  the  cleaning  cycle  varies  from  15  mm  to  3  or  4  hours,  but  a  typical  cycle  appears 
to  be  about  1  hour  per  HKK)  sq  ft  bed.  It  should  bo  noted  most  dissatisfied  plants  either  did  not  report 
the  cicMiimg  dur.iiion,  or  did  not  use  high-pressure  water  hose. 
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Tabic  5 


Wedgewatcr  Bed  Performance  Data 


Plant 

ID 

Depth  of  Sludge  (in.) 

Initial  Final 

Drainage 

Time 

Air  Drying 
Time 

Drying  Cycle 

Per  Week 

Satisfied 

1 

18 

12-14 

- 

- 

1 

6 

<1 

-6  hrs 

1  -4  wks 

1  -2/month 

3 

16 

4-6 

1  -5  days 

2-3/bed 

4 

12 

4 

1.5-2  hrs 

4-7  days 

1 

5 

30-36 

18-24 

"Right  away" 

4  hrs 

1  bed/month 

6 

-12 

4-6 

24  hrs 

3  days 

1  bed/month 

7 

12-15 

4-6 

3-4  hrs 

24  hrs 

2-3 

H 

12-16 

1. 5-3.5 

<;5  hrs 

- 

3/month 

9 

6-7  or  18-24 

4-6 

1-2  days 

3/2  beds 

!() 

1-8 

0.5-6.5 

30  inin-1  hr 

1  -7  days 

2-4 

11 

12-24 

4-7 

2-10  hrs 

- 

2-4 

12 

8-12 

2-4 

2-3  days 

1/bed 

13 

18 

2 

- 

3  days 

1/bed 

14 

12 

8 

1  hr 

3-10  days 

0.5-1 

15 

12 

1  at  removal 

4-5  after  24  hrs 

- 

1 .5-2  mos  * 

1/1 .5-2  mos  * 

16 

16 

6 

- 

2  days 

1 

17 

12 

1.5-2 

1  hr 

6  hrs 

1 

18 

8-10 

1.5 

- 

<5  hrs 

1 

19 

3 

1 

- 

-4  days 

1/2  wks 

20 

16 

8-9 

- 

24-36  his 

5 

Dissatisfied 

i 

12 

0.5 

- 

6  mos 

1/6  mos 

2 

18 

8 

- 

3  days 

2 

3 

8 

2  days 

1-2  wks 

2  (every  other  wk) 

4 

10-12 

1.5-2 

- 

10-12  days 

1/10  days 

5 

10 

5 

- 

3  days 

1/bed 

6 

10 

4 

1  day 

1  wk 

1 

7 

12 

1.5-2 

1  day 

2-3  days 

1-3 

*  Nol  really  applicable  -  must  dry  unlil  it  meets  iandmi  standards 
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Wcdgcwatcr  Bed  Polymer  Data 
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N/A  =  Not  Applicable 


Table  7 


Wcdgcwatcr  Bed  Cleaning  Data 


Plant  ID 

How  Cleaned 

How  Often 

How  Long 

Satisfied 

1 

2-in.  hose,  water 

Each  cycle 

30  min. 

2 

Hose  w/waier 

Every  "few  times" 

- 

3 

Hose/50- 55-psi  hose 

Each  cycle 

10-15  min. 

4 

High  press,  water  hose 

Each  cycle 

30  min. 

5 

1.5 -in.  water  hose 

Ji  hyptichlorine  wash 

Each  cycle 

1-2  hr 

6 

3-in.  water  hose 

Each  cycle 

4  hr 

7 

High-jwess.  water  hose 

1  bed/wk 

3-4  hr /bed 

8 

High-press,  water  hose 

Each  cycle 

15-20  min. 

9 

High-press,  water  hose 

Each  cycle 

2  hr 

10 

High-press,  water  hose 

Each  cycle 

45  min. 

11 

Water  hose  &  semi-annual 
hypochlorinc  wash  (water  hose) 

Each  cycle 

0.5-2  hr 

12 

High-press,  water  hose  & 

Each  cycle 

20-40  min.  (hose); 

flood  beds 

Every  other  lime 

20-30  min. 

(high-press,  hose) 

(flood) 

13 

Fire  hose;  fire  hydnt 

Each  cycle 

1.5  hr  (sludge  removal  incl.) 

14 

High-press,  water  hose; 

Each  cycle 

4-5  hr/bed 

Sweep  mechanism 

15 

Hose/press. -water  wash 

Each  cycle 

2.5  hr 

16 

Fire  hyd.  water  hose  & 

Each  cycle  (hose) 

5-6  hr 

underdrain  cleaning 

Semi-annually 

17 

High-press,  water  hose 

Each  cycle 

30  min. 

18 

High-press,  water  hose 

Each  cycle 

20  min. 

19 

Effluent  press  water 

Each  cycle 

1-2  hr /bed 

hose  &  sweep 

20 

Plant  water  &  fire  hose 

Every  5th  pull 

10  min. 

(50  psi) 

Dissatisfied 

1 

Shovel  &  rake 

Each  cycle 

- 

Water  hose 

Each  cycle 

- 

\ 

Water  hose  &  shovel 

Each  cycle 

- 

4 

Plant  water  &  pressure  washer 

Each  cycle 

1  hr/bed 

5 

Firehose 

Each  cycle 

>2  hr 

6 

Not  cleaned;  just  leveled 

- 

- 

7 

Water  hose,  then  dry  completely 

Every  48  hr 

- 

Sludge  Removal  Method 

Table  8  shows  that  ihe  most  common  way  to  remove  sludge  from  wedge  water  beds  is  to  use  a 
front-end  loader.  Survey  responses  show  that  some  plants  used  plastic-covered  blades  on  the  loaders  to 
minimize  tile  damage.  Table  8  also  shows  the  variety  of  loaders  employed.  Experience  showed  that  skid- 
type  bobcat  may  damage  the  media.  The  survey  also  indicated  that  hand  shoveling  (in  about  30  percent 
of  the  location)  was  often  used  to  assist  in  sludge  removal,  and,  in  one  case,  a  conveyor  was  used. 
Heuever,  hand  shoveling  was  used  in  plants  processing  less  than  1  mgd. 

Unit  Construction  Costs  and  Warninty 

Unit  construction  costs  were  not  generally  available  (Table  9).  Available  data  records  costs  ranging 
from  $74,000  to  $425,000  (with  a  building).  Unit  costs  by  area  varied  from  $35  to  $300  per  sq  ft  of 
media.  Lower  costs  were  usually  as.sociated  with  conversion  of  old  sand  bods  to  tlie  wedgewater  .system, 
uting  plant  personnel  for  routine  construction  tasks.  Higher  costs  involved  the  cost  of  outside  contractors, 
new  construction  materials,  and  the  cost  of  building  an  enclosure.  Warranty  periods  for  wedgewater 
installations  typically  extend  for  1  year. 

Problems 

Table  10  lists  problems  and  remedies  encountered  with  wedgewater  sludge  dewatering  beds, 

Generali),  problems  encountered  during  wedgewater  operation  were:  Design  tind  engineering 
problems  (c.g.,  beds  too  low  lor  the  front-end  loader,  underdrains  above  floor  level,  small  bed  capacity, 
uneven  sludge  distribution,  undersized  polymer  feed  pump,  etc.),  media  damage  from  front-end  loaders 
and  bucket,  .solids  accumukition  beneath  the  media,  overly  labor-intensive  operation,  and  high  cost  of 
media  replacement.  Solid  accumulation  beneath  the  media  was  a  problem  because  solids  smaller  than  the 
slot  opening  of  0.015  in.  pas.sed.  An  even  smaller  slot  opening  would  have  increased  solid  capture,  but 
might  have  caused  a  clogging  problem.  The  mtinufacturcrs  claimed  that  the  high  densitj,  ultraviolet- 
resistant  polyurethane  may  last  10  years,  but  no  empirical  data  is  available  on  actual  media  life  since  the 
beds  were  built  less  than  10  years  ago. 

Advantages  of  the  System 

Table  1 1  lists  the  perceived  advantages  of  wedgewater  sludge  dewatering  beds.  In  many  instances 
plant  operators  compared  wedgewater  plants  to  sand-drying  beds.  Wedgewater  beds  require  much  less 
area  than  do  sand-drying  beds.  If  the  (EPA  design  m;inual)  sand-drying  bed  requirement  of  1.5  sq  ft  per 
capita  vvere  compared  to  the  estimate  of  wedgewater  bed  requirement  of  20(X)  .sq  ft  per  1  mgd  wastewater, 
the  wedgewater  area  requirement  would  be  1/7.5.  (assuming  ICK)  gal  per  capita).  Among  ilte  noted 
advanUiges  of  wedgewater  beds  over  sand-drying  beds  were:  faster  turnover  rate;  reduced  dr.'ing  time; 
greater  cost  jffecliveness  (lower  labor  costs,  ca.se  of  operation  and  maintenance,  and  absence  of  sand 
replacement);  less  susceptibility  to  clogged  drains  than  both  sand  beds  and  VABs;  ability  to  operate 
independently  of  weather;  less  media  clogging;  and  less  operational  costs  than  w'ilh  a  belt  press,  filter 
press,  or  centrifuge.  WBs  also  compared  well  with  VABs;  WBs  give  no  clogging  problems  and  need 
fewer  mcchinical  part  replacements  such  as  vacuum  pumps. 
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Table  8 


Wedgewater  Hed  Sludge  Removal  Method 


Plant  ID  Front  Fnd  Loader  Type 


Weight 


Satisfied 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 


Robcat 

No  loader-hand  shoveled 

No  loader-hand  shoveled 

No  loader-hand  shoveled 

Ford  Kubota  35SS  w/!fl720  Ducket 

Ford  ^700  Tractor  &  hand  shoveled 

Yarmar  w/4  ft  bucket 

Ford  19-horse  diesel 

Jolin  Deere  tractor  with  bucket 

No  loader- hand  shoveled 

No  loader-hand  shoveled 

John  Deere  tractor 

John  Deere  front-end  loader 

John  Deere  755;  modified 

No  loader-hand  shoveled 

John  Deere  655 

No  loader-hand  shoveled  &  conveyor  belt 
Terra  Mat  with  blade 
Small  John  Deere  tractor 
Clark  Bobcat 


Dlvsatisflcd 

1  Bobcat 

2  Bobcat 

3  No  loader-wheelbarrow  &  hand  shoveled 

4  John  Deere  750  Tractor  w/Loader 

5  1100  Ford 

6  Bobcat  and  hand  shoveled 

7  Skidstcer 


4800  lb 


<1  ton 

25(X)-JOOO  lb 
3  or  4  ton 


1500  lb,  esi. 


Under  2000  lb 
<4900  lb 


<2000  lb 
-1500  lb 
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Tabic  9 


Wedgewatcr  Bed  Unit  Construction  Costs  and  Warranty 


Plant  ID 

Construction  Costs 

Warranty  Period 

Satisfied 

1 

$130-135.000 

Unknown 

2 

Unknown 

Unknown 

3 

$80,000 

Unknown 

4 

Unknown 

1  yr 

5 

S35/sq  ft  tile 

1  yr 

6 

Unknown 

1  yr 

7 

$420,000  (esi.) 

Unknown 

8 

Unknown 

1  yr 

9 

Unknown 

2  yr  (est.) 

10 

Unknown 

1  yr 

11 

Unknown 

4  yr 

12 

Unknown 

1  yr  (est.) 

13 

Unknown 

1  yr 

14 

$74,000 

1  yr 

15 

Unknown 

1  yr  (est.) 

16 

$45/sq  ft  of  tile 

1  yr 

17 

$425,000  (w/bldg) 

1  yr 

18 

$300/tile 

Unknown 

19 

Unknown 

1  yr 

20 

<$300,000 

1  yr 

Dissatisfied 

1 

Unknown 

Unknown 

2 

Unknown 

1  yr 

3 

$88.000/bed 

Unknown 

4 

Unknown 

1  yr 

5 

Unknown 

1  yr  or  less 

6 

Unknown 

Unknown 

7 

Unknown 

1  yr 

Table  10 

Wedgewatcr  Bed  Problems  and  Remedies 

Plant  ID 

Problem 

Remedy 

Satisfied 

1 

Damage  to  media  from  Bobcat.  Underdrain  requires  occa¬ 
sional  cleaning-bleed  through  from  top.  Underdrains 
above  floor  level. 

Use  payloader  (smaller)  and  change  angle  of 
ramp.  New  tile  may  be  tougher.  Splash  plate 
to  direct  fail  of  sewage  so  it  does  not  hit 
media  directly  (will  not  bleed  through  as 
much).  Pul  drains  in  below  floor  level. 

2 

Contractor  did  not  seal  digester  properly.  No  calibration 
kit  with  polymer.  Tiles  shifted,  leaving  a  1-in.  gap. 

Drained  and  resealed  digester.  Increased  size 
of  angle  iron  around  edges  to  close  gap. 

3 

Openings  do  not  facilitate  use  of  tractor.  Media  must  be 
removed  every  couple  of  months  to  clean  solids  accumu¬ 
lation.  Prefers  enclosed  facility  as  beds  subject  to 
weather. 

Make  one  side  of  beds  removable. 

4 

None 

5 

Vendor  did  not  give  enough  information  and  support. 

Took  6  months  to  1  year  to  design  a  workable  system. 

Plant  personnel  had  to  figure  out  drains 
required,  tractor  operation,  strips  on  edges, 
cleaning  method,  polymer  dosage,  and  appli¬ 
cation  method  for  1st  2  beds.  Second  set  was  j 

designed  and  installed  this  way.  j 

6 

Longer  washdown  time  than  expected.  Solids  accumula¬ 
tion  under  media  after  6  months. 

Allow  4  hrs  for  washdown  to  prevent  solids 
accumulation. 

7 

Necessity  of  replacing  tiles;  Damaged  tile  allows  sludge 
through  and  clogs  drainage. 

Put  in  asphalt  so  loader  does  not  pick  up 
gravel. 

8 

Blade  catches  tiles,  stainless  steel  edging 

Keep  blade  perpendicular;  tractor  operator 
awareness. 

9 

Labor  intensive  to  clean. 

10 

Hard  to  clean  media  when  sludge  dries.  Lots  of  damp 
misty  days;  subject  to  weather.  Outgrew  existing  beds 
quickly;  plant  expansion. 

Wash  every  cycle.  Recommends  covering 
beds.  Installing  centrifuge  system. 

11 

Inadequate  ventilation. 

Install  skylights  or  leave  sides  open  or  install 

12 

Tile  damage  by  loader  bucket.  Must  be  careful  of  flash¬ 
ing.  One  row  of  tiles  sticks  up  and  gets  caught  on  loader. 

Plastic  blade  for  bucket.  Care  with  angle  of 
bucket/experienced  operator. 

13 

None 
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Table  10  (Cont’d) 


Wedgewater  Bed  Problems  and  Remedies 


Plant  ID 

Problem 

Remedy 

14 

Solids  accumulate  under  media  (No  cut  off  valve  to  allow 
beds  to  be  flooded).  Did  not  allow  enough  on  each  side 
for  media  expansion. 

Cleanout  of  underdrains.  Took  off  3/4  in. 
media  on  each  side  for  expansion. 

15 

None 

16 

None 

17 

Beds  installed  3  ft  below  grade  by  engineer. 

Bought  conveyor  belt;  will  raise  beds  to  floor 
level,  so  can  use  Bobcat. 

18 

Polymer  feed  pump  undersized.  Rainfall  moistens  sludge 
again.  Cannot  flush  sludge  feed  pipes  (hence  initial 
sludge  applications  are  septic). 

Bigger  pump-Variable  feed.  Will  cover  plant. 

19 

Hold  down  plate  shifted  during  winter.  Tiles  damaged. 
Birds  roost. 

Removed  plate  and  adjusted.  Replaced  tiles. 

20 

Solids  under  media  ("Not  a  real  problem") 

Normal  maintenance  washing 

Dissatisfied 

1 

Drainage  system  does  not  work  properly 

Hoses  and  tiles  replaced. 

2 

Not  dewatering  after  3  hr.  Possible  problem  with  poly¬ 
mer. 

Trying  a  new  polymer. 

3 

Too  labor  intensive 

4 

Tile  shrinkage/expensive  replacement.  Replace  tiles. 

Solids  accumulate  underneath.  Pressure  washing.  Slower 
than  existing  sand  beds  (b/c  of  building?). 

Replace  tiles.  Pressure  washing. 

5 

Poor  dewatering.  Tiles  get  tom  apart.  Hard  to  clean 
underdrain.  Solids  accumulation  in  surface  tile  grooves 
and  underdrain.  Labor  intensive  for  cleaning. 

Keep  underdrain  clean.  Take  tiles  out  every 

2-3  loadings,  clean  w/  shovels. 

6 

Subject  to  weather,  too  wet  -  sludge  not  "bladeable." 

Remove  with  shovels. 

7 

Underdrains  clog.  Values  leak.  Subject  to  weather. 

Sludge  piles  up  near  discharge  line;  uneven  distribution. 
Polymer  expensive.  Flashing  catches  on  front  end  loader. 

Pour  with  underdrain  opien. 
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Tabic  11 


Wcdgcwatcr  Bed  Advantages 
Plant  ID  Advantages 

Satisfied 

1  Can  process  more  sludge;  quicker  than  sand  beds 

2  Quicker  than  sand  beds;  belter  drying;  no  sand  rcplacemcm. 

3  Lower  operating  costs  compared  to  belt  press,  centrifuge.  Capital  costs  lower.  Good  for  small  facilities 
(<.'500.000  gal,/d) 

4  Faster  turnaround  time  than  sand  beds.  Easier  to  remove  sludge. 

5  Quickly  installed.  Superior  to  sand  drying,  vacuum  filters,  and  "bag"  filter  .system. 

6  Shorter  drying  time  than  sand  beds. 

7  Faster  drying  time  than  sand  beds.  No  sand  replacement.  Easier  to  clean.  More  sludge  processed.  Less 
subject  to  clogged  drainage. 

8  Quicker  than  sand  beds. 

9  No  sand  replacement,  no  binding.  Easy  to  replace  tiles.  Better  for  drying  secondary  sludge  compared  to 
sand  beds. 

10 

'  I  No  washout  (weather  and  sand).  Have  the  capability  at  this  plant  to  convert  to  vacuum-assisted  if  needed. 

1 2  Quicker  than  sand  beds.  Ease  of  handling.  Can  use  heavy  equipment.  No  sand  replacement. 

13  Less  drying  time.  Less  labor.  Ease  of  operation.  Not  affected  by  weather. 

14  More  efficient  than  sand  beds.  Quicker  turnover.  Cost  effective. 

15  Quicker  than  sand  beds.  Can  apply  more  sludge.  Drains  quickly. 

16  Rains  docs  not  affect  turnover  lime. 

17  Fast  drying  time  compared  to  sand  beds.  Quicker  turnover. 

18 

19  Ease  of  cleaning.  Quicker  drying  than  sand  beds.  Cost  effective. 

20  Higher  turnover  rate.  Ease  of  maintenance. 

Dissatisfied 

1 


3  Ease  to  clean.  Ea.se  to  replace  tiles. 

3 

4  No  sand  replacement. 

5 

6  None. 


7 


Faster  in  winter  thiin  sand  beds. 


Vacuum-Assisted  Drying  Beds 

Identification  of  Plants 

Table  12  lists  users  of  vacuum -assisted  drying  beds  including  plant  name,  location,  point  of  contact 
(POC),  and  telephone  number.  A  total  of  28  users  were  queried:  16  satisfied  and  12  dissatisfied. 

Plant  Characteristics 

Table  1 3  summarizes  plant  characteristics  for  both  satisfied  and  dissatisfied  users.  Plant  characteristics 
include  plant  capacity,  treatment  process  used,  sludge  digestion  process  employed,  and  final  di.sposal 
method. 

The  average  capacity  for  responding  plants  was  found  to  be  1.30  mgd.  The  range  of  flow  for  aU  of 
the  plants  responding  to  the  question  was  from  0.15  to  8  mgd.  Many  of  the  VAB  plants  operate  at  levels 
well  under  capacity.  For  satisfied  users,  average  flow  was  1.1  mgd  and  the  range  of  flow  was  from  0.15 
to  4  mgd.  For  dissatisfied  users,  average  flow  was  1.5  mgd,  ranging  from  0.8  to  2.5  mgd. 

In  all,  23  users  employed  the  activated  sludge  process,  2  used  trickling  filters,  and  single  users  used 
an  oxidation  ditch,  a  primary  settling  with  alum  addition,  and  a  trickling  filter  and  activated  sludge 
combination. 

Nineteen  out  of  28  plants  using  aerobic  sludge  digestion  methods,  processed  sludge  with  VABs.  Six 
plants  used  anaerobic  digestion,  and  three  did  not  digest  the  sludge  prior  to  treatment  (Table  13).  Of  the 
1 6  satisfied  users  queried,  1 1  employed  aerobic  digestion,  two  employed  anaerobic  digestion,  and  three 
did  not  process  their  sludge.  Eight  dissatisfied  users  employed  aerobic  digestion  and  four  used  the 
anaerobic  digestion  process. 

The  most  common  final  disposal  method  found  in  the  survey  was  by  land  application.  Of  all  of  the 
plants  surveyed,  16  used  land  application  as  the  sole  method  of  final  disposal,  1 1  used  landfilling,  and  one 
did  not  respond.  Table  13  indicates  that  eight  satisfied  users  employed  land  application  and  seven  used 
landfilling  for  final  disposal.  Dissatisfied  users  included  six  who  used  land  application,  four  who 
employed  landfilling,  one  who  combined  land  application  with  sand-bed  storage,  and  one  who  used  public 
distribution  of  the  final  product  for  eventual  land  application. 

Sludge  Characteristics 

Table  14  summarizes  the  sludge  characteristics  found  during  the  survey  of  VABs.  The  average 
percent  of  solids  processed  at  all  responding  plants  was  found  to  be  2.6  percent,  in  a  range  from  1  to  7 
percent.  Satisfied  users  reported  an  average  of  2.5  percent  solids  in  a  range  from  1.5  to  4.25  percent. 
Dissatisfied  users  reported  an  average  of  2.8  percent  .solids  in  a  range  from  1  to  7  percent. 

Responding  plants  indicated  an  average  target  solids  value  of  15.8  percent  in  a  range  of  7  to  35 
percent.  Satisfied  users  had  an  average  target  of  15.4  percent  .solids,  in  a  range  of  8  to  35  percent,  while 
dissatisfied  users  had  an  average  target  of  16.5  percent  solids,  in  a  range  of  8.5  to  21.5  percent. 
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Table  12 


Vacuum-Assisted  Bed  Contact  Information 


Plant  ID 


Location  Point  of  Contract  Telephone  No. 


Angola  WWTP 
Carterville  WWTP 
Centralia  CORR  CTR  STP 
Chiitcnango  WWTP 
City  of  Louisville 
Fairfield  STP 
Fort  Stewart  WWTP 
Galena  W\\'T" 

Gaylord  WWTP 
Geneseo  WWTP 
Granite  City  Steel  STP 
HartsviUe  WWTP 

Jacksonville  Beach  Poll.  Cont.  Plant 

Jonesborough  STP 

Lake  Havasu 

Mackinac  Island  WWTP 

Minooka  WWTP 

Mount  Dora  WWTP 

Nevada  City  WWTP 

Pekin  WWTP 

Peru  WWTP 

Plano  WWTP 

Roneeverte  STP 

Shelbyville  WWTP 

Sullivan  WWTP 

Sylvania  STP 

Valle  Lake 

Woodstock  WWTP 


Angola.  IN  Rod  Morrison  219-665-6806 

Carterville,  IL  Randy  Hess  618-985-2950 

Centralia ,  IL  Mike  Lowry  618-533-7683 

Chittenango.  NY  Rod  Severance  315-687-7314 

Louisville,  CO  Wayne  Ramey  303-665-7452 

Fairfield,  IL  Cloren  Jourden  618-847-7026 

Fort  Stewart.  GA  Vicki  Howard  912-369-3391 

Galena.  IL  Jeff  Ham  815-777-9315 

Gaylord.  MI  Dale  Labelle  517-732-0750 

Geneseo,  IL  David  Geary  309-944-2065 

Granite  City.  IL  Ed  Goodrow  618-451-4133 

HartsviUe,  SC  Shelley  Brand  803-332-2973 

Jacksonville  Beach,  FL  Donna  Kalugniak  904-247-6294 

Jonesborough,  TN  Wayne  Campbell  615-753-6981 

Lake  Havasu.  AZ  Doug  Thomas  602-855-3999 

Mackinac  Island,  Ml  Ames  Bugg  906-847-3278 

Minooka.  IL  Rob  Tonarelli  815-467-2142 

Mt.  Dora.  FL  John  Youssy  904-735-7157 

Nevada  City,  CA  John  Drew  916-265-8668 

Pekin,  IL  Don  Gasper  309-477-2333 

Peru,  IN  Chuck  Baker  317-473-7651 

Plano.  IL  Jim  Atwell  312-552-8007 

Roneeverte,  WV  James  Jeffries  304-647-5717 

Shelbyville,  IL  Laurence  Quick  217-774-2712 

Sullivan.  IL  BiU  Rankin  217-728-8241 

Sylvania,  GA  Tony  Thompson  912-564-2358 

Valle  Lake,  MO  Bob  Moore  314-586-3996 

Woodstock,  NY  Malcolm  Camright  914-679-2356 
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Table  13 


V'acuum-Asslstcd  Bed  Plant  Characteristics 


Piant 

ID 

Plant 

Capacity 

(gal/d) 

Treatment 

Process 

Sludge 

Digestion 

Process 

Final 

Disposal 

Method 

SatisHed 

1 

1.000.000 

Activated  sludge 

Aerobic 

Land  application 

2 

750.000 

Activated  sludge 

Aerobic 

Landfill 

3 

150.000 

Trickling  filter 

Aerobic 

Landfill 

4 

Activated  sludge 

None 

■7 

5 

No  Response 

Activated  sludge 

Aerobic 

Land  application 

6 

1.000.000 

Activated  sludge 

Aerobic 

Landfill 

7 

Activated  sludge 

Aerobic 

Landfill 

8 

Activated  sludge  (C-S*.  STEP+) 

Aerobic 

Landfill 

9 

500.000 

Activated  sludge 

Aerobic 

Land  application 

10 

Activated  sludge  (C-S*) 

Anaerobic 

Land  application 

11 

4.000.000 

Activated  sludge 

Anaerobic 

Land  application 

12 

Activated  sludge  (C-S*) 

Aerobic 

Land  application-farming 

13 

750.000 

Activated  sludge 

Aerobic 

Land  application 

14 

1.520.000 

Activated  sludge 

None 

Landfill 

15 

180.000 

Activated  sludge 

Aerobic 

Land  application 

16 

Ox.  ditch 

None 

Landfill 

Dissatisricd 

1  2.100.000 

Activated  sludge 

Aerobic 

Land  application 

2 

trickling  filter/ 

Anaerobic 

Landfill 

3 

850.000 

Activated  sludge 

Activated  sludge 

Aerobic 

Land  application 

4 

1.500.000 

Trickling  filter 

Anaerobic 

Land  application 

5 

No  Response 

Activated  sludge 

Aerobic 

Landfill 

6 

2.500.000 

Activated  sludge 

Aerobic 

Landfill 

7 

1.000.000 

Activated  sludge 

Aerobic 

Land  appl.  and  sand  beds 

8 

q 

1.100.000 

Activated  sludge 

Aerobic 

Land  application 

10 

Primary  (Alum) 

Anaerobic 

Landfill 

11 

950.000 

Activated  sludge 

Aerobic 

Land  application 

12 

2.000.000 

Activated  sludge 

Anaerobic 

Land  application 

•C-S  :  contact  stabilization 
+STEP  :  step  aeration 
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Vacuum-AssLstcd  Bed  Sludge  Characteristics 
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Alihough  generation  volumes  for  VAB  installations  were  not  available  from  ever>'  plant.  Table  14 
gives  a  range  of  values  for  18  of  the  28  respondents.  Wedge  water  estimates  for  generation  volume  were 
provided  in  various  units  to  include  dry  tons  per  year,  per  week,  or  possibly  per  month,  or  as  pounds  or 
gallons  per  day  or  week. 

Most  of  the  plants  were  u.sed  to  process  typical  municipal  wastewater  sludges.  Special  sludge 
characteristics  varied  with  industries  present  in  the  system,  including  food  wastes  and  heavy  metals. 

Dewatering  System  Data 

VAB  characteristics  are  summari/.ed  in  Table  15.  Wedgewater  phints  had  only  a  few  beds. 
(Eighteen  plants  reported  only  two  beds.)  Remaining  planus  reported  one  or  three  beds,  and  in  one 
instance,  five  beds  were  idcntiried.  Satisfied  users  reported  one  one-bed  system,  12  two-bed  systems,  two 
three-bed  systems,  and  one  five-bed  system.  Dissatisfied  users  reported  three  one-bed  systems,  seven  two- 
bed  systems,  three  one-bed  systems,  one  three-bed  system,  and  one  five-bed  system. 

The  size  of  all  VABs  generally  ranged  from  around  400  to  1600  sq  ft,  a  common  dimension  being 
20  X  40  ft.  VAB  users  in  the  satisfied  category  appeared,  however,  to  average  about  half  the  size  of 
dissatisfied  users,  that  is  about  400  to  800  sq  ft  as  opposed  to  9CK)  to  1600  for  dissatisfied  users. 

The  oldest  vacuum-assisted  bed  systems  sur\’cyed  dated  back  to  1983.  Most  surveyed  VABs  were 
relatively  new  installations. 

Although  the  predicted  life  cycle  of  most  of  the  VABs  was  reported  to  be  around  20  years,  almost 
half  of  those  queried  did  not  know  the  life  cycle  of  their  systems,  and  four  of  the  respondents  indicated 
an  actual  performance  cycle  of  5  years  or  less  (usually  due  to  media  damage  or  switching  to  another 
system). 

Table  15.  .shows  that  16  of  the  VAB  dewatering  operations  surveyed  were  carried  out  inside 
buildings,  over  half  of  which  were  heated.  Only  12  VAB  operations  were  carried  out  in  the  open  air,  and 
two  of  thc.se  had  roofs. 

Design  loading  rates  were  reported  in  different  units  from  plant  to  plant  (Table  15).  Conversion 
to  standard  measure  showed  that  design  loadings  ranged  from  0.6  to  7.6  Ib/sq  ft  (one  exception  of  0.2 
Ib/sq  It)  with  average  of  3.0  Ib/sq  ft.  These  figures  were  in  good  agreement  with  1987  ERA  design 
information. 

Dewatering  Performance  Data 

VAB  performance  can  be  measured  by  initial  and  final  depths  of  sludge,  drainage  and  air  drying 
times,  and  dewatering  cycle  per  week.  Dewatering  bed  performance  data  for  VAB  arc  shown  in  Tabic  16. 
Initial  sludge  depths  applied  were  generally  in  the  range  of  12  to  18  in.,  but  applications  of  up  to  30  in. 
were  reported  when  sludge  was  applied  in  layers.  In  one  instance,  beds  were  loaded  to  60  in.  Final  sludge 
depths  were  usually  in  a  range  of  2  to  4  in.,  although  depths  up  to  12  to  18  in.  were  reported  in  four 
instances,  where  initial  loadings  were  al.so  greater. 


Dewatering  System  Data 
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20  X  40  ft  1 984  Unknown  Roof  1 ,5  |b/sq  ft 

80  X  20  ft  1986  20  yr  Hcaiotl  building  Unknown 

20  X  40  fl  I98.S  Unknown  Uuaic.l  builtling  8(XK)-9(XX)  g.il/licl 


Table  16 


Vacuum-Assisted  Bed  Dewatering  Performance  Data 


Plant  Depth  of  Sludge  (In.)  Drainage  Air-Drying  Drying  Cycle 

ID  Initial  Final  Time  Time  Time 


Satisfied 


1 

12 

4 

- 

24  hr 

5 

2 

12-14 

2 

3  hr 

4-5  days 

1/2  wk 

3 

12  (1st  layer) 

(after  3  layers 
dewatered) 

18 

1.5  hr 
(1st  layer; 
next  2  slower) 

24  hr 

(each  layer) 

1 

4 

18 

2-3 

2+20*hr 

0 

5-7 

5 

24-30 

(3-4  layers) 

8-14 

- 

1-3  days 

2 

6 

60 

6-12 

- 

8-12  hr 

3-4 

7 

18 

6 

3  days 

3  days 

1 

8 

10 

2 

1  hr 

20  hr 

2-3 

9 

18 

2-4 

12  hr 

4  hr 

4 

10 

12 

3-4 

0.5-1  hr 

1-3  days 

2-5 

11 

15-18 

8-10 

24  hr 

24  hr 

2-3 

12 

27 

5 

. 

24  hr 

3 

13 

12-18 

4-6 

8  hr 

24  hr  (summer) 

4 

14 

18 

2 

24  hr 

24  hr 

5 

15 

12 

(4  layers; 

3-4  in.  each) 

34 

1.5  hr 

2  days 

1/bed 

16 

8 

1 

<2  hr 

3  days  (w/heat) 

2 

Dissatisfied 

1 

24-36 

14 

8-24  hr 

3  day.' 

1/bed 

2 

12 

3 

-3  hr 

3  days 

1.5-2 

3 

14 

34 

12  hr 

12  hr 

4 

4 

18 

4-7 

16hr 

2-7  days 

1 

5 

16-18 

34 

- 

3-4  days 

1-2 

6 

18-24 

4 

- 

24  hr 

3-4 

7 

9-12 

3-4 

- 

1  wk  (4-5  days) 

1 

8 

12 

2-3 

- 

24-36  hr 

3 

9 

24 

4-5 

1.5  days 

2-2.5  days 

1-3 

10 

24 

12 

- 

4  days  (summer) 

1.5 

11 

12 

4-5 

- 

1-3  wk 

<1 

12 

12-24 

3-4  wks  (winter) 

34 

0.25 

- 

2  days 

6 

'2  hr  low  vacuum,  20  hr  high  vacuum 
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Drainage  lime  for  vacuum-assisted  sludge  beds  was  highly  variable;  estimates  ran  from  as  iiiLle  as 
1.5  hours  to  a  couple  of  days  (Table  16).  Air-drying  time  was  also  highly  variable;  reported  values 
ranged  from  4  hours  to  a  couple  of  weeks.  It  was  apparent  that  respondents  interpreted  drainage  lime  and 
air-drying  time  differently.  Some  plants  used  gravity  drainage  before  vacuum  drainage.  Therefore,  some 
regarded  vacuuming  time  as  drainage  time  and  others  regarded  it  as  air-drying  time.  However,  1-  to  2-day 
drainage  by  gravity  and  vacuum  appears  to  be  typical  for  satisfied  users.  Most  VAB  plants  reported  _,boui 
one  to  four  drying  cycles  per  week. 

Air-drying  type  and  type  of  exposure  (healed  building,  roof,  or  open  air)  were  not  closely  corre  ated. 
Neither  building  or  evcn-hcaicd  building  appeared  to  reduce  the  air-drying  time  as  compared  with  cpcn-air 
type.  Buildings  did  appear  to  protect  the  bed  from  precipitation  and  (in  winter)  from  freezing. 

Polymer  Data 

A  variety  of  polymers  are  used  to  pretreat  sludges  before  dewatering  by  VABs  (Table  17).  Polymer 
dosage  for  WBs  was  reported  in  several  units,  either  by  volume  or  by  weight.  The  most  common  polyr 
type  was  liquid  emulsion,  cationic  polymer,  which  is  .sometimes  bought  as  a  powder  and  is  later  mixed 
with  water  at  a  plant.  Typical  polymer  dosages  w'cre  estimated  at  4  to  23  lb  per  dry  ton  of  sludge.  The 
23  pounds  per  dry  ton  of  sludge  was  about  twice  the  upper  value  given  in  the  1987  USEPA  design 
manual.  Polymer  overdosing  may  cause  operational  difficulties  as  well  as  higher  costs:  longer  drying 
lime  and  more  media  clogging  due  to  stronger  adhe.sion. 

Polymer  costs  arc  also  shown  in  Table  17  and  were  reported  to  range  from  $1.50  to  $2.00  per 
pound,  although  prices  were  also  reported  for  55-gal  drums. 

Cleaning  Data 

VABs  arc  most  often  cleaned  with  high  pressure  water  hoses  applied  after  each  cycle  (Table  18). 
The  duration  of  the  cleaning  cycle  varies  from  about  30  min  to  3  or  4  hours,  but  appears  to  average  about 
1-1/2  hours  per  1000  sq  ft  bed.  Some  plants  used  hypochlorite,  hydrochloric  acid,  or  muriatic  acid  to 
remove  clogging  materials  and  biological  growth.  One  plant  u.sed  Polyslov,  a  proprietary  cleaning  product, 
for  every  cleaning.  Because  VABs  have  many  fine  pores  and  arc  thus  .susceptible  to  clogging,  chcmic.il 
treatment  of  the  beds  is  often  recommended.  Another  method  used  was  back  flushing.  However,  since 
the  media  is  a  bonded  material,  VAB  back  flushing  is  no'  as  effective  as  doing  a  sand-filler  back  wa-sh. 

Sliulite  Removal  Method 

Sludge  'cmoval  methods  for  VABs  arc  listed  in  Table  19.  Sludge  removal  for  this  system  u.^ually 
employs  a  front-end  loader.  Some  plants  use  plastic-covered  blades  to  minimize  tile  damage.  Table  19 
shows  the  variety  of  loaders  used  to  remove  .sludge  from  VABs.  The  "Bobcat "  was  the  most  popular 
lo.Klcr,  Loader  weights  for  vacuum-assisted  beds  were  generally  over  KXX)  pounds,  and  a  value  of  up  to 
2  tons  was  reponed  in  one  in.stance. 
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Vacuum -Assisted  Bed  (Jlcanin}>  Data 


Tabic  19 


Vacuum* Assisted  Bed  Sludge  Removal  Method 

Plant 

Front-End  Loader 

ID 

Type 

Weight 

Satisfied 

1 

Bushhog 

1900-2100  lb 

2 

Bobcat 

Unknown 

3 

None  -  wheelbarrow  &  hand  shovel 

- 

4 

Bobcat 

2000  lb 

5 

Bobcat 

1000  lb 

6 

Bobcat 

Unknown 

7 

Loader,  small  Case 

Unknown 

8 

Bobcat,  model  742 

- 

9 

None  -  hand  shoveled 

- 

10 

John  Deere  0-2040 

>4000  lb 

11 

Case 

1500  lb 

12 

John  Deere,  model  24A 

6000  lb 

13 

Bobcat 

2000  lb 

14 

Bobcat 

800-1000  lb 

15 

Bobcat 

Unknown 

16 

Shoveling  &  loader 

- 

Dissatisfied 

1 

Bobcat 

Unknown 

2 

Small  Bobcat 

Unknown 

3 

Gehl  Skidstcer  Loader 

<1500  lb 

4 

Skidsteer  Loader 

-1500  lb 

5 

Bobcat 

1500  lb 

6 

International  Tractor 

2000  lb 

7 

Kubota  Tractor 

2000  lb 

8 

Bobcat 

2300  lb 

9 

Bobcat 

1000  lb 

10 

Bobcat 
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Unit  Construction  Costs  and  Warranty 

Limited  construction  cost  data  for  VABs  is  shown  in  Table  20.  Direct  comparison  of  cost  data  was 
difficult  because  some  plants  had  VAB  buildings  and  others  were  converted  from  sand-drying  beds. 
Construction  costs  per  square  foot  ranged  from  $30  to  $70. 

Table  20  includes  warranty  periods  for  VAB  installations.  Typically  a  period  of  1  year  was 
reported. 

Problems 

Problems  and  their  remedies  encountered  with  VAB  use  are  shown  in  Table  21.  The  common 
complaints  about  VABs  related  to  media  damage,  epoxy  failure,  wet  sludges,  a  perception  that  system 
cleaning  was  too  labor-intensive,  and  air  pumping  and  drainage  problems  (clogging  from  .solids 
accumulation).  Tlie  VAB  pores  are  finer  than  the  wedgewater  bed’s,  making  solids  capture  by  VAB  better 
than  by  WB,  but  also  creating  a  clogging  problem.  When  the  media  was  clogged,  additional  air  drying 
was  required  in  place  of  drainage.  Wedgewater  systems  had  fewer  mechanical  ‘roubles  than  did  VABs. 
Wet  sludge  might  be  a  problem  if  the  vacuum-dewatered  sludge  was  not  sufficient!)  '‘■s  1ried  to  meet  the 
target  solid  content.  If  sludge-detention  time  would  be  increased,  area  requirement  would  also  increase. 

Advantages  of  the  System 

The  advantages  of  VAB  systems  are  listed  in  Table  22.  Plant  operators  often  compared  VAB 
systems  to  sand-drying  beds.  VABs  require  less  area  than  do  sand-drying  beds.  Since  sludge-drying 
detention  time  on  a  VAB  was  shorter  than  that  on  a  wedgewater  bed,  the  area  requirement  would  be 
reduced  accordingly.  Among  the  advantages  the  survey  noted  were  better  dewatering  properties  (by 
vacuum),  le.ss  sludge  volume  (by  comparison  with  the  sludge  dewatered  on  either  a  sand  or  wedgewater 
bed  for  the  same  dewatering  time),  easier  storage  and  transportation,  less  weather  dependence,  and  less 
dependence  on  manual  labor. 


Field  Visits 

One  field  visit  was  made  to  each  of  the  two  surveyed  sludge  dewatering  systems  to  personally 
interview  plant  operators  and  photograph  the  systems.  Site  interviews  were  similar  to  the  phone  surveys. 

Wedgewater  Bed 

The  wedgewater  bed  field  survey  was  conducted  at  the  Mt.  Gretna  Authority,  located  in  Mt.  Gretna, 
Pennsylvania.  The  200,000  gal  per  day  (gpd)  capacity  plant,  built  in  1940,  presently  operates  at  about 
half  capacity  and  uses  a  trickling  filter  wastewater  treatment  process  as  well  as  Imhoff  tank  sludge 
processing.  The  sludge  is  produced  by  a  seasonal  community  of  700  homes,  of  which  half  contain  year 
round  residents.  It  is  a  typical  municipal  waterplant,  except  for  the  water’s  high  copper  content.  The 
operator  was  unable  to  provide  quantities  for  generated  sludge,  since  he  has  only  recently  been  required 
to  measure  it. 
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Table  20 


Vacuum-Assisted  Bed  Unit  Construction  Costs  and  Warranty 


Plant 

ID 

Construction 

Costs 

Warranty 

Period 

SatisDed 

1 

$345,000  (inc.  bldg.) 

1  yr 

2 

Unknown 

Unknown 

3 

$430,000  (inc.  bldg.) 

1  yr 

4 

$  100,000 

Unknown 

5 

Unknown 

Unknown 

6 

Unknown 

Unknown 

7 

Unknown 

Unknown 

8 

Unknown 

Unknown 

9 

Unknown 

1  yr 

10 

Unknown 

Unknown 

11 

Unknown 

1  yr 

12 

Unknown 

Unknown 

13 

Unknown 

Unknown 

14 

$70-75,000/beds,  including  pumps 

2  yrs 

filter,  controls 

15 

Unknown 

1  yr 

16 

$42/sq  ft 

Unknown 

Dissatisfied 

1 

$69.473/beds 

1  yr 

2 

Unknown 

1  yr 

3 

Unknown 

2  yrs 

4 

Unknown 

1  yr 

5 

$300,000/2  beds 

6  mo 

6 

Unknown 

1  yr 

7 

$115,000/1  bed 

Unknown 

8 

$  60,000/beds,  including  pumps 

Unknown 

filters,  controls 

Unknown 

9 

Unknown 

1  yr 

10 

Unknown 

Unknown 

11 

Unknown 

1  yr 

12 

Unknown 

1  yr 
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Table  21 


Vacuum-Assisted  Bed  Problems  and  Remedies 


Plant  ID 

Problems 

Remedies 

Satisfied 

1 

Overloading;  sludge  was  loo  wet  when  removed 

6000  g/b/d 

Reduce  sludge  load  from  9  to  15, OCX)  g/b/d  to 

9 

ElecU'ic  timer  problems 

Replaced  timer 

3 

Epoxy  seals  around  edge;  polymer  pump  problem 

Repairs 

4 

Cleaning  is  time-consuming 

- 

5 

Media  plates  wear  out 

Replace  plates 

6 

Sludge  binds  media;  solids  accumulation 

Clean  each  bed  with  muriatic  acid  twice/yr 

7 

Joint  (perimeter)  rupture;  gate  bends 

Caulking;  need  bracing 

8 

Labor  more  than  expected 

- 

9 

Freezes  in  winter,  sludge  stays  wet; 
tiles  blades  scarred 

Use  hand  shovel  to  remove  sludge  w/rubber 

10 

Drainage  pipe  clogging 

Periodic  cleaning 

11 

Docs  not  use  vacuum;  sludge  compacts  under 
media  and  labor  intensive  to  clean 

Use  gravity  filtration  only 

12 

Joint  crack 

Patch 

13 

Media  grout  loosened;  media  surface  damage 

Repairs;  one  person  operates  Bobcat  &  keeps 
tires  clean 

14 

Vacuum  pumps  clog 

Backwash  &  degrease;  use  without  vacuum 
pump;  filtration  only 

13 

Sand  finish  coming  off  tiles 

Replace  finish  on  tiles 

16 

Leaky  bed-negating  vacuum  applied 

Linder  negotiation 
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Table  21  (Cont’d) 


Vacuum-Assisted  Problems  and  Remedies 


Plant  ID 


Problem 


Remedy 


Dissatisfied 

1  Plates  corrode;  loss  of  vacuum  space  b/c  of 

epoxy  failure;  lengthy  drying  time;  wet  sludge 


Repaired  plates;  replaced  system  with 
centrifuge 


2  W/o  cover,  rain  problem;  wish  to  be  able  to  backwash 


3  Must  use  high  press,  washer  to  clean  tiles  in 
order  to  get  good  dewatering;  labor  intensive; 
media  plates  crack 

4  Wet  sludge;  loss  of  nitrogen-air  drying; 
loss  of  tiles  due  to  epoxy  failure;  only 
occasional  use 


Replace  plates;  Epoxy  patches 


Bought  sludge  hauler  that  injects  wet  sludge 
into  ground-saves  nitrogen;  repaired  tiles 


S  Hard  to  start  vacuum;  sludge  in  check  valves 

system  causing  flooding;  inadequate  dewatering 


Reroute  discharge;  epoxy  leaks  in  vacuum 


6  Epoxy  disintegrates;  media  binds  -  solids 

accumulation;  inadequate  drainage-wet  sludge; 
labor  intensive 


Resurface  tiles;  use  bleach  or  acid  to  cleait; 
use  sand  beds  as  back-up  when  media  fails 


7  Surface  of  tiles  fragile  and  wears  out 


Use  only  as  needed;  being  replaced  by  belt 
press 


8  Surface  flakes;  epoxy  failure;  labor  intensive 


Replace  sand;  enrich  epoxy 


9  Tiles  wear  out 

10  Alum,  sludge  takes  longer  time 

1 1  Inadequate  dewatering;  polymer  feed  pump 

problems;  epoxy  failed 


Carborundum  blade  on  bobcat;  epoxy,  add 
sand/gravel 


Replace  ejx)xy;  repaired  pump 
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Tab!e  22 


Vacuum-Assisted  Bed  Advantages 
Plant  ID  Advantages 

SatisHed 

1  Less  volume  to  move  when  sludge  is  dewatered;  year-round  use  in  most  weather 

2  Produces  dry  sludge  even  in  cold  weather 

3  Not  weather  dependent 

4  Dry  faster  and  enclosurable;  minimal  maintenance 

5  Less  labor  intensive  than  sand  beds;  more  capacity;  less  storage  space  required 

6  Fast  turnover  rate;  dry  enough  to  handle  easily 

7  Little  maintenance 

8  Polymer;  expedite  dewatering/easy  removal 

9  Fast  turnover  rale 

1 1  Not  weather  dependent;  can  be  stored;  no  odor  if  digested  properly 
10 

12  Less  weather  dependent;  quick  dewatering 

13  Fast  turnover  'ate;  ease  of  sludge  removal;  drier  product 

14  Cake  dries  faster  (24  hours) 

1 5  Good  drying 

16  Fast  dewatering 

Dissatisfied 

1 

2  Quick,  easy  removal;  easy  cleaning 

3  Good  dewatering 

4  Good  when  land  is  insufficient  and  temperature  is  hot  (summer);  sludge  can  be 

stored 

5 

6 

7  Can  use  in  bad  weather 

8  Less  sludge  volume  (for  small  plant  land  applying) 

9 
10 

1 1  Not  weather -dependent 

12  Removes  large  amounts  of  water 
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The  primary  sludge  has  a  solids  content  of  approximately  6  percent.  The  target  solids  content 
following  dewatering  is  about  20  percent  (sometimes  more).  Sludge  is  applied  approximately  10  in.  deep 
to  the  single  600-sq  ft  wedgewater  bed,  which  was  converted  from  an  old  sand  bed  by  plant  personnel 
using  Gravity  Flow  Systems  literature.  The  design  loading  rate  was  worked  out  by  plant  personnel.  The 
bed  is  open-sided  and  covered  with  a  roof,  which  also  shelters  an  old  sand  bed  used  to  store  dewatered 
sludge.  To  comply  with  Department  of  Environmental  Resouiecs  icqu  liCilicnLSi  tiiC  flriul  (iispos  al  method 
was  changed  from  land  application  to  independent  contract.  (A  hauler  now  removes  the  dewatered  sludge 
from  the  sand  bed.) 

The  dewatering  process  only  shrinks  the  applied  sludge  by  one  inch  since  it  is  mostly  dewatered  by 
the  time  it  reaches  the  media.  Separation  is  already  evident  when  the  sludge/polymer  mixture  comes  out 
of  the  discharge  line,  to  the  extent  that  the  sludge  must  be  spread  around  the  media  to  get  an  even  layer. 
The  sludge  dries  in  about  7-  to  10-day  drying  cycles,  and  is  currently  removed  by  hand  shoveling,  which 
takes  about  1-1/2  days.  The  plant  plans  to  buy  a  Kubota  front-end  loader  for  future  removal. 

The  polymer  used  by  the  plant  is  Praestol  K133L,  which  is  sold  by  Pollu-Tech  of  Richboro, 
Pennsylvania.  The  polymer  is  fed  to  the  sludge  at  a  dosage  of  10  strokes/minute,  or  20  gal  of  0.2  percent 
polymer  solution  fed  to  1000  gal  of  sludge.  This  application  costs  about  $75  for  a  5-gal  pail,  of  which 
one-fourth  (1.25  gal)  is  used  for  each  loading. 

Cleaning  the  1-ft  square  polyurethane  wedgewater  tiles  is  done  every  cycle  with  a  high  pressure 
pump,  a  procedure  requiring  about  1  hour.  So  far,  the  plant  has  net  cxp»."''.nc.J  clogging  of  the 
underdrains. 

The  operator  and  plant  engineering  personnel  converted  the  existing  sand  bed  to  a  wedgewater  bed 
by  pouring  concrete  sides,  installing  the  concrete  slab  bases  and  drain  configuration,  placing  the  media 
on  top,  and  connecting  a  polymer  feed  pump  to  the  sludge  discharge  line.  This  work  cost  about  $7000, 
and  the  media  cost  about  $30,(XX).  The  media  consists  of  orange,  slotted  tiles  raised  on  feet  that  sit  on 
the  concrete  slab  base  to  allow  underdrain  clearance.  The  manufacturer  warranties  this  medium  for  1  year. 
The  operator  pointed  out  that  the  drain  placement  is  crucial.  This  system  has  eight  drains:  four  lateral 
drains  on  each  side  of  a  central  drain  rib. 

The  Mt.  Greuia  Authority  is  a  satisfied  WB  user.  This  wedgewater  bed  system  has  given  no 
problems  since  its  installation.  The  operator  noted  that  special  advantages  of  the  WB  over  the  sand  bed 
are  the  ease  of  cleaning,  and  the  absence  of  sand  replacement.  Moreover,  one  wedgewater  bed  replaced 
five  sand  beds;  i.e.,  the  WB  can  handle  much  greater  loading  than  the  sand  bed.  Although  the  WB  also 
dries  sludge  more  quickly,  the  Mt.  Gretna  operator  stated  that  this  factor  may  be  attributed  solely  to  the 
polymer.  Tests  run  comparing  a  sand  bed  to  a  WB  without  polymer  showed  that  the  WB  dried  sludge 
only  slightly  faster  than  the  sand  bed. 

Vacuum-Assisted  Bed 

The  field  visit  to  the  VAB  system  was  conducted  at  the  Woodstock  Wastewater  Plant  located  in 
Woodstock,  NY.  The  plant  operator  is  Mr.  Malcolm  Camwright.  The  activated  sludge  process  plant,  built 
in  1985  and  designed  for  237,0(X)  gpd,  presently  processes  only  about  one-third  of  the  generated 
wastewater.  The  plant  does  not  employ  digestion  prior  to  dewatering.  Dewatered  sludge  is  presently 
disposed  of  at  a  landfill. 
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The  raw  sludge,  which  is  typically  municipal,  is  approximately  1  to  2  percent  solids.  The  pla.it 
generates  a  volume  ol  approximately  3()00  to  4(XK)  lb  of  dry'  solids  per  month,  depending  on  the  .season. 
The  target  solids  content  following  dewatering  is  20  percent.  The  sludge  is  applied  to  two  enclosec  24  5 
ft  X  18  ft  VABs,  each  holding  .3650  gal,  to  a  depth  of  15  in.  The  design  loading  rate  (which  the  operator 
found  unworkable)  is  substantially  higher  than  the  actual  loading  rate.  Once  the  sludge  is  applied,  i;  takes 
about  .3  hours  for  the  free  water  to  drain  off.  The  vacuum  is  left  on  for  24  hours,  and  the  sludge  n  then 
air  dried  in  the  heated  building  for  a  total  drying  time  of  2  to  .3  days  One  bed  has  3  to  4  drying  eycles 
per  week,  while  the  other  is  slightly  slower  at  2  cycles  per  week. 

The  Woodstock  treatment  facility  u.scs  a  polymer  supplied  by  East  Coast  Environmental  of 
Montgomery,  NY.  The  polymer,  #BEG  44505,  comes  in  5()-lb  bags,  which  cost  about  $170  each.  The 
pol>mer  is  diluted  at  1.5  lb/140  gal  of  water,  and  fed  to  llie  sludge  at  a  rate  of  7  parts  per  million  (ppme 

The  epoxy-bonded  media  tiles  in  the  vacuum-assisted  beds  are  cleaned  every  cycle  with  a  aigf.- 
pressure  hose,  followed  by  a  chlorine  wash.  The  ho.se  is  then  set  at  a  higher  pressure  for  a  second  wash. 
On  occasion,  a  polymer  remover  is  also  used  to  prevent  clogging.  Finally,  the  dewatered  sludge  ^s 
removed  from  the  tiles  by  hand  shoveling.  (Use  of  the  plant’s  Waldon  front-end  loader  was  found  to 
damage  the  media.) 

Specific  infonnation  on  unit  construction  costs  of  the  beds  was  unavailable  since  they  had  bee  i 
installed  with  die  rest  of  the  plant.  However,  tile  replacement  costs  were  $30()/tile.  Warranty  information 
was  unavailable.  White  and  Company,  of  Charlotte,  NC,  supplies  the  media  tiles. 

The  plant  operator  was  generally  satisfied  with  ilie  present  operation  and  perfonnance  level  of  the 
vacuum-a.ssisted  system;  however,  he  pointed  out  several  disadvantages  associated  with  tiic  system.  Cos,s 
of  cleaning,  jx>lymer,  propaitc  building  healers,  and  tile  replacement  make  tlte  system  operation  relatively 
expensive.  According  to  the  operator,  of  the  two  VABs,  one  does  not  work  properly,  and  the  other  bed 
has  lost  some  efficiency,  although  it  still  performs  satisfactorily.  The  oix'rator  further  staled  that  the 
concrete  slab  beneath  the  slower  of  llie  two  beds  may  have  cracked. 

Overall,  the  operator  feels  ilnii  VABs  are  an  improvement  over  sand  beds.  However,  since  this  plant 
cannot  handle  a  higlier  loading  rate  the  municipality  is  considering  more  efficient  and  cost  effective 
alternatives. 


4  CONCLUSIONS 


A  telephone  survey  was  carried  out  for  both  wedgewater  and  vacuum-assisted  sludge  drying  beds. 
The  survey  helped  to  divide  users  into  satisfied  and  dissatisfied  groups  of  wedgewater  and  vacuum-assisted 
dewatering  technologies.  Survey  results  indicate  that  the  wedgewater  system  can  provide  essentially  the 
same  service  as  the  vacuum -assisted  beds,  but  with  fewer  operational  and  maintenance  problems. 


Wedgewater  Bed 

Generally,  wedgewater  bed  system  operators  were  very  satisfied  with  the  system’s  sludge-dewatering 
capacities.  Most  dissatisfied  users  indicated  that  the  problems  were  due  to  structure  design  difficulties, 
which  include  inefficient  drainage,  uneven  di.stribution  of  sludge  on  the  beds,  and  difficulty  of  underdrain 
cleaning.  However,  one  reported  media  shrinkage  and  another  reported  tom-apart  media.  Since  most  of 
the  system’s  users  interviewed  landfill  dewatered  municipal  sludge,  they  require  final  solids  of  about  15 
to  20  percent.  The  wedgewater  system  provides  this  degree  of  dewatering  with  about  one  drying  cycle 
per  bed  per  week. 

Most  system  problems  were  associated  with  inadequate  media  cleaning,  front-end  loader  damage 
to  the  filter  media,  or  engineering  errors.  It  appears  that,  with  proper  design,  installation,  care,  and 
maintenance  during  operation,  the  beds  will  have  a  long  life,  and  will  require  underdrain  cleaning  only 
once  or  twice  a  year.  To  prevent  media  damage,  most  operators  recommend  using  a  nonskid-stcering 
front-end  loader  equipped  with  a  bucket  with  a  polyurethane  blade.  Although  most  WBs  were  open-air 
operations,  use  of  a  translucent  roof  or  canopy  was  recommended  for  areas  that  receive  larger  quantities 
of  precipitation,  or  where  freezing  occurs.  WB  solid  capture  was  less  than  VAB,  but  additional  solid 
loading  of  WB  filtrate  to  the  head  of  a  plant  did  not  adversely  affect  plant  performance. 

Generally  speaking,  WBs  were  easier  to  operate  and  maintain,  and  provided  a  quicker  turnover  rate 
than  sand  beds.  WBs  showed  fewer  problems  with  media  and  underdrain  clogging  when  high-pressure 
hoses  were  used  to  clean  the  tiles,  and  when  tiles  were  kept  free  from  damage. 


Vacuum-Assisted  Bed 

As  a  rule,  there  are  more  difficulties  associated  with  VAB  performance  than  with  WB  performance, 
even  though  the  number  of  VAB  drying  cycles  per  week  is  generally  higher  than  the  number  for 
wedgewater  beds.  Some  surveyed  operators  .stated  that  the  vacuum  actually  pulled  sludge  into  the  media, 
thus  aggravating  media-clogging  problems.  These  operators  no  longer  use  the  vacuum  component,  letting 
the  system  function  like  a  wedgewater  bed  .system.  When  vacuum  is  not  u.scd  and  water  is  only  drained 
by  gravity,  the  system  performs  more  effectively. 

Plants  that  chose  VABs  over  WBs  were  smaller  in  size  and  generally  required  a  lower  target  solids 
rate  because  liieir  most  common  disposal  method  is  land  application.  However,  satisfied  VAB  users  were 
divided  nearly  evenly  between  disposal  by  land  application  and  by  landfilling. 

Contrary  to  expectations,  VABs  did  not  achieve  higher  solid  contents  than  WBs.  A  common 
complaint  against  VABs  was  that  the  sludge  was  not  "bladcablc"  in  the  predicted  time,  and  therefore 
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required  long  drying.  This  problem  resulted  Iroin  inadequate  drainage  caused  by  media  bindinj:  ..nd/ ir 
underdrain  clogging,  and  to  media  destruction  caused  by  I'ront-cnd  loader  or  epoxy  I'ailurc.  Plant  o;x''ato  s 
recommended  that  front-end  loader  buckets  be  equipped  with  polyurethane  blades  to  prevent  carnage. 
Skid-steering  loaders  also  appear  to  damage  VABs.  Adequate  tile  cleaning  also  appears  to  be  more 
difficult  for  VABs  than  for  WBs. 

VAB  system  advantages  include  a  faster  turnover  rate  than  sand  or  wedgewatcr  beds,  the  abi  (\  .0 
operate  year-round  due  to  the  system’s  building  enclosure,  and  less  space  requirement.  In  lolal.  ’  .XBs 
dewater  more  efficiently  than  sand  beds,  but  do  not  perfonn  as  svell  as  uedgcwaier  beds  do  a.r 
drying  is  required.  However,  VABs  are  still  more  effective  in  acliicving  a  target  solid  range  of  1 1  .0  l.i 
percent,  because  only  vacuum  can  reach  ilicse  high  concentrations. 

For  these  reasons,  a  decision  was  made  to  build  a  wedgewatcr  bed  rather  than  a  vacuum-as.sistcd 
bed,  along  with  a  reed  bed  at  Fon  Campbell  to  demon.stratc  and  further  compare  these  dewaierirg 
technologies  in  an  Army-iastallation  environment. 


MKTRIC  CONVERSION  TABLE 


1  in.  =  25.4  mm 

1  ft  =  0.305  m 
1  &q  ft  -  0.093  ni^ 

1  cu  ft  =  0.028  m’ 

1  Ib  =  0.453  kg 
1  ton  -  907.1848  kg 
1  gal  =  3.78  I 
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APPENDIX:  Sample  Questionnaire 


DEWATERING  SYSTEM: _ 

Satisfed _  Unsatisfied 

Name  of  Plant; _ 

Address;  _ _ _ 


P.O.C. ; 
Phone  No. : 


1)  PLANT  CHARACTERISTICS 

Capacity  _ 

WW  Treatment  Process _ 

Sludge  Digestion  Process _ 

Sludge  Disposal  Method _ 

2)  SLUDGE  CHARACTERISTICS 

%  Solids  (Raw  Sludge) _ 

Target  Solids  Content _ _ 

Generation  Volume  (Dry  Solids) _ 

Special  Chemical  Characteristics,  if  any  (i.e.,  Char,  that 
make  sludge  atypical  from  municipal  sludge) 
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3)  DEWATERING  SYSTEM 


Number  of  Beds^ _  ^ 

Size  of  Beds  (1) _ 

Year  Constructed^ _ 

Predicted  Operational  Life  Cycle _ 

Replacement  of  Media  Cycle  (if  any  VADB) _ 

Type  of  Exposure  (e.g.  open  air,  greenhouse) _ 

Manufacturer _ 

Design  Loading  Rate  _ _ 

4 )  DEWATERING  PERFORMANCE 

Initial  Sludge  Depth _ _ 

Final  Sludge  Depth _ 

Number  of  Sludge  Layers _ _ _ 

Drainage  Time  _ _ 

Air  Drying  Time  (if  any)  (i.e.  Vacuum  cycle  &  evaporative 
phase  -  if  any) _ 

Total  Dewatering  Time  (#  drying  cycles  per  wk) _ 

Filled  w/  water?  (VADB  only) 

Yes _  No_ _ 

5}  POLYMER  DATA 

Polymer  Name _ 

Manufacturer _ _ _ 

Polymer  Dosage _ 

Cost 
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6)  CLEANINa 

'Method  (8), _ 

Frequency_ _ _ 

Dur at ion _ 

7 )  SLUDGE  REMOVAL 

Method  (e.g.  loader,  tilting  metal  trays  -  ww  only) 

Front  End  Loader  Type _ 

Weight _ ^ _ 

8}  UNIT  COMSTMDCTJOM  COSTS 


Warranty  Period 


9)  PROBLEMS 

(e.g.  Media  failure.  Solids  accumulation  beneath  media) 


10)  REMEDIES 


51 


USACERL  DISTRIBUTION 


Chief  of  Engineen 
ATTN:  CEMEC-IM  LH  (2) 

ATTN:  CE>IEC-IM-LP  (2) 

ATTN:  CERD-L 
ATTN:  CECC-P 
ATTN:  CECW 
ATTN:  CECW-0 
ATTN:  CECW.P 
ATTN:  CECW  RR 
ATTN:  CEMP 
ATTN;  CEMP-M 
ATTN:  CEMP  O 
ATTN:  CEMP  R 
ATTN:  CEMP-C 
ATTN:  CEMP-B 
ATTN:  CERD 
ATTN:  CERD  C 
ATTN:  CERD-M 
ATTN:  CERM 
ATTN:  DAEN-ZCE 
ATTN:  DAEN  ZCI 
ATTN:  DAEN  ZCM 
ATTN:  DAEN-2CZ 

CEIISC 

ATTN:  CEIISC-ZC  22060 
ATTN:  DETIII  79906 
ATTN:  CTJISC-F  22060 
ATTN:  CKIISCPU  22060  (2) 
ATTN;  CEJISCTTP  22060 

US  Army  Engineer  DiAricu 
ATTN;  Libr4ry(41) 

Alulu  99506 

ATTN:  NAPEN-PL 

US  Army  Engr  Div^ion* 

ATTN;  Libriry  (13) 

US  Anny  Europe 

ODCS/Engineer  09014 
ATTN;  AEAEN-FE 
ATTN:  AEAEN-ODCS 
V  Corpi 

ATTN:  DEM  (11) 

VII  Curpe 
ATTN:  DEH  (15) 

21fl  Support  Commend 
ATTN:  DEH  (12) 

USA  Bcrltn 
ATTN:  DEM  (9) 

Allied  Commend  Europe  (ACE) 

ATTN:  ACSOEB  09703 
ATTN:  Sinill^Enginoer  09703 
USASETAF 

ATTN;  Ai:ST.  EN-D  09613 
ATTN  ACSEN  09029 
ATTN:  AI-SSE  VE  09029 

8th  I.SA.  Ktvee 

ATTN:  DF.H  (19) 

ROKA-'S  Combined  Force*  Corivnend  96205 
ATTN  EUSA  IOIC  CFXVEngr 

Ft  lacmerd  W.wd,  MO  65473 
\TTS  ATZATKSW 
A  I  IN:  Cinedien  1  ieiion  OfTicer 
ATIN:  Cfcrmen  l.ieieon  Suff 
ATTN:  Rrituh  I.itiacm  OfTtccr 
ATTN  Allied  l.ieieon  Office 
ATTN:  French  l.ieieoti  Officer 


fHjblitaijon  rcprodticcti  on  recycled 


USA  Jepen  (USAJU) 

ATTN:  DCSEN  96J43 
ATTN;  HONSHU  96343 
ATTN:  DEII-Okinewe  96376 


Aree  Baginoer.  AEDC-Arce  Office 
Arnold  Air  Force  Stetion,  TN  37389 

416th  Engineer  Commend  60623 
ATTN;  Pecilitice  Engineer 

US  Militery  Acedemy  10996 
ATTN:  PecUitiee  Boginoor 
ATTN;  Dept  of  Geogrephy  A 
Envrounentel  Eogmg 
ATTN:  MAEN  A 


AMC  •  Dir.,  but.,  A  Sves. 

ATTN;  DEH  (23) 

Dl.A  ATTN:  DLA  WI  22304 

DNA  ATTN:  NADS  20305 

FORSOOM  (28) 

PORSCOMHngii«r.ATTN;  SpiDet.  ISCT?! 
ATTN;  Fecilitiea  Engineer 

MSC 

Pi.  Sem  Houston  A-MC  78234 
ATTN:  MSLO-F 
Pitzeimone  AMC  80043 
ATTN:  IISHO-DEH 
Welter  Keed  AMC  20307 
ATTN:  Feciliiiee  Ertgineer 

INSCOM  ■  Ch.  Insti.  Div. 

Pt  Belvotr  VA  22060 
ATTN:  Engr  A  Hsg  Oiv 
Vint  Hill  Perms  Stetion  221f.> 

ATTN:  lAV-DEH 

USA  AMCCOM  61299 
ATTN:  Library 
ATTN:  AMSMC-Rl 

US  Army  Engr  Activity.  CA 
ATTN;  DEH 

CemeroD  Stetion  (3)  22314 
Port  Ledey  J.  McNeir  20319 
Port  Meyer  2221 1 

MJitery  TrmfTtc  Mgmt  Commertd 
Fells  Church  20315 
OekJtnd  Army  Bsk  94626 
Bayonne  07002 
Sunny  Point  MOT  28461 

NARADCOM.  ATIN:  DRDNA  P  CI760 

TAKCOM.  Fee.  Div.  4«090 


TRADOC  (19) 

HQ,  TRADOC.  ATfN:  ATEN  DEM  23651 
ATTN:  DI-.H 


TSAHCOM.  ATTN  ST.NAS  P  63120 


LSAIS 

Fort  Huachuce  83613 
ATTN:  Facilities  Engateer  (3) 
Port  Rilclue  21719 


paper. 


WESTCOM 

Fort  Shefter  96858 
ATTN:  DEH 
ATTN:  APEN-A 

SHAPE  09705 

ATfN:  Infrestructujc  Bra«:h.  LANDA 

HQ  USEUCOM  09128 
ATTN:  Ea4/7-U)E 

Fort  Belvoir,  VA  22060 

ATTN:  Aunrelien  Liaison  Officer 
ATTN:  Water  Resource  Center 
ATTN:  Engr  Strategic  Studies  Ctr 
ATTN;  Topographic  Engr  Center 
ATTN:  CECC-R 

CECRL,  ATTN:  Library  03735 

CEWES,  ATTN:  Library  39180 

HQ.  XVII 1  Airborne  Corps  end 
Pt.  Bragg  283(77 
ATTN:  APZA-DEH  EE 

(Thenuie  AFB,  IL  6)868 
3345  CES/DE,  Stop  27 

AMMRC  02172 

ATTN:  DRXMR-AF 
ATTN;  DRXMR  WE 

Norton  AFB.  CA  92409 
ATTN:  AFRCE-MX^)E 

Tyndall  AFB.  Fl,  32403 

AFESC/Engineering  A  Service  Lab 

NAVFAC 

ATTN:  Division  Offices  (11) 

ATTN:  Facilities  Engr  Cmd  (9) 

ATTN:  Naval  Public  Works  Center  (9) 
ATTN:  Naval  Civil  Engr  I.ab  93043  (3) 
ATTN;  Naval  Constr  Batielicn  Clr  93043 

Engineering  Societie!i  Library 
New  York,  NY  10017 

Ntuonel  Guard  Bureau  20310 
Ineialiaticn  Diviaion 

US  Govemmem  Priming  Office  20401 
Receiving/Depository  Section  (2) 

US  Army  F-nv,  Hygiene  Agency 
ATTN:  HSHB  ME  21010 

American  Public  Works  Association  60637 

NilT  Institute  of  Standards  A  Tech  20899 

Defense  Technical  Irai.  Center  22304 
ATTN;  DTIC  PAB  (2) 
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